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APCI：atmospheric pressure chemical ionization  
AUC：area under the curve  
BA：bioavailability  
DPP-4：dipeptidyl peptidase-4 
EI：electron ionization  




HPLC：high performance liquid chromatography  
HRMS：high resolution mass spectrum  
HTS：high-throughput screening  
Hz：hertz  
IC50：inhibition concentration 50% 
IR：infrared spectroscopy 
IV：intravenous  
J：coupling constant  
LBDD：ligand-based drug design 
LC/MS：liquid chromatography/mass spectrometry  
mp：melting point  
MS：mass spectrometry, microsomal stability  
NMR：nuclear magnetic resonance  
PAMPA：parallel artificial membrane permeability assay 
PK：pharmacokinetics  
PO：per os  
SBDD：structure-based drug design 
SD：Sprague-Dawley 
SGLT1：sodium-glucose cotransporter 1 
SGLT2：sodium-glucose cotransporter 2 
TFA：trifluoroacetic acid  
THF：tetrahydrofuran  
TMS：tetramethylsilane 
TPSA：topological Polar Surface Area 
WSCI：1-ethyl-3-(3-dimethylaminopropyl)carbodiimide  
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尿病連盟(IDF) は、約 4億 1500 万人の成人が糖尿病に罹患していると推定し、この合計は
2040 年までに 6 億 4200 万人に増加すると予測している 1)。また、国内においても厚生労
働省から平成 26 年に発表された「患者調査」によると糖尿病の総患者数は 316 万 6000 人

























SGLTは、SGLT1~6 の 6つのサブタイプが知られている。その中でも SGLT1 と SGLT2
に対し阻害活性を有する天然物であるフロリジンが動物モデルで血糖低下作用、インスリ
ン抵抗性改善作用を示したことから SGLT1 と SGLT2が２型糖尿病の魅力的な標的として
注目されていた 6,7)。 
SGLT1 及び SGLT2は、腎臓に発現していることが知られており、SGLT2 に関しては腎
臓の近位尿細管に限定的に発現している。グルコースは、近位尿細管でほぼ完全に再吸収さ
れ通常はほとんど尿に排泄されることはない。その中で、SGLT2 はグルコースの取り込み
の９０％を担っており、残りの１０％は SGLT1が担っている 8,9,10)。（Figure 1） 
 
 




現在、多くの SGLT2 阻害剤（ dapagliflozin,11 ）  canagliflozin,12) empagliflozin,13) 













Figure 2. SGLT2 inhibitors 
SGLT1 は SGLT2 と異なり小腸や心臓にも発現していることから、SGLT1 を阻害するこ
とにより小腸からの糖吸収を抑制し、血糖コントールできる可能性がある。SGLT2阻害薬
では血糖低下効果が低いと考えられる腎機能が低下した患者にも有用性があると考えられ、















































































































































 =   246 nM
hSGLT2 IC50
 = 6010 nM hSGLT1 IC50
 =   320 nM
hSGLT2 IC50
















 =     50 nM
hSGLT2 IC50










 = 2.2 nM
hSGLT2 IC50






















1 H H OEt 73.6  26100  
1a H OH OEt 283  14600  
1b H OMe OEt 13.4 565  
1c H F OEt 9.40  7960 
4a H Me OEt 2.29 671 
1d H Cl OEt 1.77 1210 
4b OH H OEt 17.4 4040 
1e OMe H OEt 37.9  100000 
1f OMe OMe OEt 10.8 4270 


















Figure 5. 創薬戦略 
化合物２のR1にヒドロキシル基を導入すると化合物１(hSGLT1 IC50 = 26100 nM)と比較
してSGLT1阻害活性が約6倍、R2にメチル基を導入すると約35倍増強することが以前の研究
（Table 1）から示唆されていたので組み合わせ合成を実施した。合成変換した化合物14aは、



































 = 26100 nM hSGLT1 IC
50











































 = 32 nM
hSGLT2 IC50



















 = 35 nM
hSGLT2 IC50
 =   9 nM
TPSA = 216
hSGLT1 IC50
 = 28 nM
hSGLT2 IC50




















































30b 31 32  
























































 = 36 nM
hSGLT2 IC50





 = 55 nM
hSGLT2 IC50





 =   74 nM
hSGLT2 IC50






















 = 27 nM
hSGLT2 IC50

















 = 29 nM
hSGLT2 IC50


































































 = 138 nM
hSGLT2 IC50
 = 302 nM
hSGLT2 / hSGLT1 = 2.2  

















 = 138 nM
hSGLT2 IC50
 = 302 nM












 =   91 nM
hSGLT2 IC50
 = 578 nM













 =     74 nM
hSGLT2 IC50
 = 1170 nM
hSGLT2 / hSGLT1 = 15.8  






ろ環状構造を持つ化合物94jがhSGLT1 IC50 = 26 nM、hSGLT2 IC50 = 1101 nM、hSGLT2 













 =     26 nM
hSGLT2 IC50
 = 1101 nM













 =     74 nM
hSGLT2 IC50
 = 1170 nM






























































































































a : R = OEt
b : R = OMe
c: R = Me












Scheme 1. (a) BnBr, K2CO3, TBAI, DMF, rt; (b) NaBr, OXONE®, acetone-H2O, rt, 59% in 2 steps; (c) 
(COCl)2, DMF (cat.), CHCl3, rt, then N-methoxy-N-methylamine hydrochloride, Et3N, rt; (d) LiAlH4, THF, 
0˚C, 65% in 2 steps; (e) 8a-8d, n-BuLi, THF, -78˚C, then 7; (f) Et3SiH, BF3OEt2, CH3CN/CHCl3, 0˚C; (g) 











































































16a-20a : X = S
16b-20b : X = O
c : X = S, R = C(CH2OH)2CH3
d : X = S, R = C(CH2OH)3
e : X = S, R = C(CH3)2CONH2
f : X = O, R = C(CH2OH)2CH3
g : X = O, R = C(CH2OH)3








Scheme 2. (a) (COCl)2, DMF(cat.), CHCl3, rt, then N-methoxy-N-methylamine hydrochloride, Et3N, rt ; 
(b) LiAlH4, THF, 0˚C; (c) p-TsOH, ethylene glycol, PhMe, reflux, 78% in 3 steps; (d) n-BuLi, THF, -78˚C, 
then 16a,16b, 73-87%; (e) 6Ｍ HCl, THF, quant.; (f) 1,4-dibromobenzene, n-BuLi, THF, -78˚C; (g) Et3SiH, 
BF3OEt2, CH3CN/CHCl3, 0˚C, 20-23% in 2 steps; (h) 3-Butenoic acid, Pd(OAc)2, (o-tolyl)3P, Et3N, MeCN, 



















































23a-25a : R =
23b-25b : R =
23c-25c : R =
 

























































30a : R = 
30b : R =
 
Scheme 4. (a) 26, n-BuLi, THF, then 18b, -78˚C, 64%; (b) Et3SiH, BF3OEt2, CH3CN/CHCl3, 0˚C, 59%; 






るのに最適であると考えた。実際、Tianらは、TPSA < 160 Å2 and log P > -2.2でBAが良好と
なるとの相関を示していることから22)、低吸収性を付与するためにTPSA >160 Å2を目標値と
して設定した。また、TPSAはソフトウェア( ACD/ Percepta, version 2015, Advanced 
Chemistry Development, Inc.)を使用し簡便に算出できることも利点として挙げられる。化





















化合物 1、4a、4b、14a － 14dの SGLT1/SGLT2 阻害活性と TPSA 
 






1 H H OEt 26100c 73.6 115 
4a H Me OEt 671c 2.29 115 
4b OH H OEt 4040c 17.4 136 
14a OH Me OEt 162 3 136 
14b OH Me OMe 65 NTd 136 
14c OH Me Me 25 2 126 
14d OH Me Et 32c 2 126 
a IC50 values for hSGLT1 and hSGLT2 activities represent the mean values of at least two 
experiments. 
b The TPSA value was calculated using software from ACD/ Percepta, version 2015, Advanced 
Chemistry Development, Inc. 
c 0.1 mM methyl-α-D-glucopyranoside containing [14C] methyl-α-D-glucopyranoside. 

















活性を示した。この中で、化合物30bは、強力なSGLT1阻害活性（IC50 = 28 nM）と高い











































































51 7 182.57 





704 5 145.96 







65 5 171.74 


























28 7  212.2 
a IC50 values for hSGLT1 and hSGLT2 activities represent the mean values of at least two 
experiments. 
b The ClogP value was calculated using software from Daylight Chemical Information Systems, Inc. 
c Not tested. 
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は、それぞれ1080 mL/h/kg、439 mL/kg、0.362時間であった。また、化合物30b（1 mg/kg）
の経口投与後の最大濃度（Cmax）は1.46 ng/mLで、バイオアベイラビリティ（F）は0.05％




Table 4   
Pharmacokinetic parameters in SD rats and permeability of 30b  
Compound 
Pharmacokinetic parameters  Permeability 
IV (2 mg/kg)a  PO (1 mg/kg)b  PAMPA 
at pH7.4 CLtotal Vdss t1/2  
Cmax Tmax F  
(mL/h/kg) (mL/kg) (h) (ng/mL) (h) (%)  (× 10-6 cm/s) 
30b 1080 439 0.362   1.46 0.25 0.05  0.3 
 a Dosing vehicle: saline 
 b Dosing vehicle: 0.5% CMC Na 
 The PK parameters were calculated using the mean value of the plasma concentration in 




















Figure 15. Effects of oral administration of 30b (0.03, 0.1, 0.3, or 1 mg/kg) on plasma glucose during an 












































































































































































































a : R = H
b : R = F
c : R = Me
d : R = Cl
e : R = iPr











Scheme 5. (a) n-BuLi, THF, –78 ˚C, then 34; (b) MsOH, MeOH, rt, 64% in 2 steps; (c) TMSCl, Et3N, 
DMF, rt, 96% ; (d) n-BuLi, THF, –78 ˚C, then 37a–37f ; (e) MsOH, MeOH, rt ; (f) Ac2O, pyridine, rt ; (g) 
Et3SiH, BF3·OEt2, CH3CN/CHCl3, 37%-85% in 4 steps; (h) WSCI·HCl, HOBt·H2O, CHCl3, rt, 51%; (i) 



































































































































 = OH, R3 = H
56f  : R1
 = OMe, R3 = H
56g : R1
 = OH, R3 = Me
56h : R1





















1 = OAc, R3 = H
55f  : R1
 = OMe, R3 = H
55g : R1
 = OAc, R3 = Me
55h : R1
 = OMe, R3  = Me
54e : R1
 = OH, R3 = H
54f  : R1
 = OMe, R3 = H
54g : R1
 = OH, R3 = Me
54h : R1
 = OMe, R3  = Me
 
Scheme 7. (a) KI, I2, H2O, AcOH, rt, 57%; (b) BnBr or MeI, K2CO3, MeCN, rt, 85%; (c) n-BuLi, THF, –
78 ˚C, then 34; (d) MsOH, MeOH, rt; (e) Ac2O, pyridine, 4-(dimethylamino)pyridine, rt ; (f) Et3SiH, 
BF3·OEt2, CH3CN/CHCl3, 4 ˚C, 40%-59% in 4 steps; (g) 10%Pd–C, H2, MeOH, rt; (h) Br2, AcOH, rt, 52% 
in 2 steps; (i) Br2, AcOH, rt, 96%; (j) Et3N, MeOH/H2O, 50 ˚C or NaOMe, MeOH, rt; (k) TMSCl, Et3N, 
DMF, 4 ˚C ; (l) n-BuLi, THF, –78 ˚C, then 37a or 37c; (m) MsOH, MeOH, rt ; (n) Ac2O, pyridine, rt ; (o) 
Et3SiH, BF3OEt2, CH3CN/CHCl3, 4 ˚C, 34-53% in 4 steps; (p) 43, Pd(OAc)2, (o-tolyl)3P, Et3N, CH3CN, 






























 = OMe, R3 = H
60b : R1
 = OAc, R3 = Me
60c : R1































61,62d  : R1 = OMe, R3
 = H, R4 = 2-(N,N-dimethylamino)ethylamino
61,62e  : R1
 = OMe, R3 = H, R4 = piperazin-1-yl
61,62f   : R1
 = OMe, R3 = H, R4 = 4-methylpiperazin-1-yl
61,62g  : R1
 = OH, R3 = Me, R4 = 2-(N,N-dimethylamino)ethylamino
61,62h  : R1
 = OH, R3 = Me, R4 = piperazin-1-yl
61,62i   : R1
 = OH, R3 = Me, R4 = 4-methylpiperazin-1-yl
61,62j   : R1
 = OH, R3 = Me, R4 = 2-amino-2-methyl-propylamino
61,62k  : R1
 = OMe, R3 = Me, R4 =2-(N,N-dimethylamino)ethylamino
61,62l   : R1
 = OMe, R3 = Me, R4 = piperazin-1-yl
61,62m : R1
 = OMe, R3 = Me, R4 = 4-methylpiperazin-1-yl
61,62n  : R1















Scheme 8. (a) (COCl)2, DMF(cat.), CHCl3, rt, then Et3N, 57, 93%; (b) aq.NaOH, MeOH, rt, 94%; (c) 59, 
Pd(OAc)2, (tolyl)3P, Et3N, CH3CN, 120˚C, 60-87%; (d) WSCI·HCl, HOBt·H2O, amines, CHCl3, rt or CDI, 








































45a Me Me H 22 10 3.35 139 
45b Me Me F 34 17 3.49 139 
45c Me Me Me 111 84 3.80 139 
45d Me Me Cl 176 NTd 4.06 139 
45e Me Me iPr 12531 2126 4.72 139 
45f Me Me OMe 1166 798 3.27 149 
47 OH Me H 21 NTd 2.18 160 
56e OH iPr H 23 19 2.96 160 
56f OMe iPr H 36 34 3.35 149 
56g OH iPr Me 55 69 3.41 160 
56h OMe iPr Me 74 354 3.79 149 
a The IC50 values for the hSGLT1 and hSGLT2 activities represent the mean values of at least two 
experiments. 
b The ClogP value was calculated using software from Daylight Chemical Information Systems, Inc. 
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c The TPSA value was calculated using software from ACD/Percepta, version 2015, Advanced 
Chemistry Development, Inc. 




































62d OMe H 
 
29 20 3.66 161 
62e OMe H 
 
38 17 3.55 161 
62f OMe H 
 
42 26 4.01 152 
62g OH Me 
 
35 74 3.72 172 
62h OH Me 
 
30 28 3.61 172 
62i OH Me 
 
35 81 4.07 163 
62j OH Me 
 
27 64 3.53 195 
62k OMe Me 
 
46 NTd 4.11 161 
62l OMe Me 
 
34 200 4.00 161 
62m OMe Me 
 
55 281 4.46 152 
62n OMe Me 
 
54 322 3.92 184 
a The IC50 values for the hSGLT1 and hSGLT2 activities represent the mean values of at least two 
experiments. 
b The ClogP value was calculated using software from Daylight Chemical Information Systems, Inc. 
c The TPSA value was calculated using software from ACD/Percepta, version 2015, Advanced 










Table 7  
Pharmacokinetic parameters in SD rats and permeability of 62d and 62j  
Cpd. 
Pharmacokinetic parameters  Permeability 
IV a  PO b  PAMPA 
at pH7.4 Dose CLtotal Vdss t1/2  
Dose Cmax Tmax F  
(mg/kg) (mL/h/kg) (mL/kg) (h) (mg/kg) (ng/mL) (h) (%)  (× 10-6 cm/s) 
62d 0.4 4020 1640 2.39  30 1.88 2.83 0.17  0.0 
62j 0.4 3760 964 0.578  30 5.34 0.250 0.09  0.0 
a Dosing vehicle: saline 
b Dosing vehicle: 0.5% CMC Na 


















Accumulative excretion of 1, 62d, and 62j after intravenous administration to BDC SD rats 
Compound 
Dose Urine Bile 
(mg/kg) (% of dose) (% of dose) 
30b 2 36.2 ± 11.0 30.2 ± 10.4 
62d 0.3 18.1 ± 9.3 65.1 ± 17.7 
62j 0.3 5.3 ± 0.4 89.8 ± 5.7 
Dosing vehicle: saline 
Collection period: 24 hours 



























Kidney concentration (ng/g tissue) 
2h 24h 72h 
1 0.3 1900 ± 90.7 1110 ± 72.3 803 ± 64.8  
62d 0.3 1090 ± 55.7 104 ± 16.7 29.2 ± 9.43 



















Figure 16. Effects of the oral administration of 62d (0.3 or 1 or 3 mg/kg) on plasma glucose during an oral 
sucrose tolerance test in SD rats. Each point represents the mean ± SE. *p < 0.05, **p < 0.01, ***p < 0.001 










































































 = 138 nM
hSGLT2 IC50
 = 302 nM


















































































Scheme 9. (a) Br2, AcOH, 4˚C, 1 h, 99%; (b) MOMCl, DIPEA, CHCl3, rt, 1 h, 96%; (c) n-BuLi, THF, –
78˚C, 35 min, then 34; (d) TMSCl, –78˚C, 2 h; (e) n-BuLi, THF, –78˚C, 30 min, then 37c; (f) MsOH, MeOH, 
reflux, 1.5 h; (g) Ac2O, pyridine, rt, 18 h; (h) tBuMe2SiH, TMSOTf, MeCN, 4˚C, 2 h, crude; (i) Ac2O, 

















































































































































































Scheme 10. (a) 69, DIPEA, EtOH, rt, 18 h; (b) Boc2O, DMAP, DMF, reflux, 18 h, 36% in 2 steps; (c) 
Pd(OH)2/C, MeOH, rt, 18 h, crude; (d) 41, Pd(OAc)2, (o-tolyl)3P, Et3N, MeCN, reflux, 3 h, 88%; (e) 71, 
WSCI·HCl,, HOBt·H2O, Et3N, DMF, rt, 18 h; (f) TFA, CHCl3, rt, 18 h; (g) NaOMe, MeOH, rt, 3.5 h, 76% 
in 3 steps; (h) 73, CDI, CHCl3, rt, 5 h; (i) NaOMe, MeOH, rt, 1 h, 50% in 2 steps; (j) 69, CHCl3, 90˚C, 25 
h, 22%; (k) 76a–76g, WSCI·HCl,, HOBt·H2O, Et3N, DMF, rt, 18 h; (l) Dess-Martin periodinane, CHCl3, 
rt, 3 h, 23-98% in 2 steps; (m) 25 or 26, NaBH3CN, MeOH or NaBH(OAc)3, DMF, AcOH, rt; (n) Et3N, 




































































































86b-92b: X= Et ∗
86c,87c,92c: X= HO ∗
86d-92d: X= Me2N ∗















Scheme 11. (a) MeI, K2CO3, DMF, rt, 18 h then 50 ˚C, 2 h, 46%; (b) Et3N, MeOH/H2O, rt, 3 d; (c) 86b–
86d, K2CO3, DMF, 50–150˚C, 3–18 h; (d) Ac2O, pyridine, rt, 18 h, 90% in 3 steps; (e) 41, Pd(OAc)2, (o-
tolyl)3P, Et3N, MeCN, reflux, 3 h, 99%; (f) 76a, WSCI·HCl,, HOBt·H2O, Et3N, DMF, rt, 18 h; (g) Dess-
Martin periodinane, CHCl3, rt, 1 h, 77% in 2 steps; (h) 79 or 80, NaBH3CN, MeOH, rt, 18 h or NaBH(OAc)3, 





































94c, 94c: Z =
94d, 94d: Z =
94f, 94f: Z =
94e, 94e: Z =
94b, 94b: Z =
93b-93j
94b-94f, 94h-94j
94g, 94g: Z =
94h, 94h: Z =
94i, 94i: Z =











































Scheme 12. (a) amine or amine hydrochloride, NaBH3CN, MeOH or NaBH(OAc)3, DMF or CHCl3, AcOH, 
rt, 18 h; (b) Et3N, MeOH/H2O, rt, 18 h, 23-61% in 2 steps; (c) aq.HCHO, NaBH(OAc)3, CHCl3, rt, 6 h; (d) 



























































a The IC50 values for the hSGLT1 and hSGLT2 activities are the mean values of data obtained in at least 
two experiments. 











138 302 2.2 
75  91 578 6.3 
82a 
 
553 NTb NTb 
82b 
 
49 238 4.9 
82c 
 
47 150 3.2 
82d 
 
43 153 3.6 
82e 
 
97 109 1.1 
82f 
 
38 149 4 
83g 
 






















75 H 91 578 6.3 
92a Me 74 1170 15.8 
92b Et 174 1898 10.9 
92c CH2CH2OH 145 848 5.8 
92d CH2CH2NMe2 >3000 NTb NTb 
a The IC50 values for the hSGLT1 and hSGLT2 activities are the mean values of data obtained in at least 
two experiments. 









































(× 10-6 cm/s) 
92a 
 
74 1170 15.8 0.2 
94b 
 
65 780 12.0 NTb 
94c 
 
60 954 15.9 NTb 
94d  26 646 24.8 0.1 
94e  65 927 14.3 0 
94f  62 1016 16.4 NTb 
94g 
 
69 1335 19.3 0 
94h 
 
64 1563 24.4 0.2 
94i 
 
73 1180 16.2 NTb 
94j 
 
26 1101 42.4 0.2 
a The IC50 values for the hSGLT1 and hSGLT2 activities are the mean values of data obtained in at least 
two experiments.  
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All commercially available starting materials and reagents were used without further purification 
unless otherwise noted. Thin layer chromatography was performed to monitor the reactions using 
Merck silica gel 60 F254 plates or Fuji Silysia chromatorex NH plates. Silica gel column 
chromatography was performed using Wakogel
® 
C‒200, or NH‒silica gel Fuji Silysia chromatorex
® 
DM1020, or an appropriately sized pre-packed silica cartridge on a Biotage system. Melting points 
were determined using a Yanako micro melting point apparatus and were not corrected. The 1H NMR 
spectra were determined with a Varian Instruments INOVA300 spectrometer at 300 MHz or a JEOL 
ECA600 NMR spectrometer operating at 600 MHz. The 13C NMR spectra were determined with a 
JEOL JNM-ECA500 NMR spectrometer operating at 126 MHz. Chemical shifts are reported in parts 
per million (ppm) relative to tetramethylsilane (TMS, δ 0.00 ppm) as an internal reference. Multiplicity 
was defined as s (singlet), d (doublet), t (triplet), q (quartet), dd (double doublet), m (multiplet), br s 
(broad singlet). IR spectra were recorded using a Perkin-Elmer Spectrum One. Electron impact (EI) 
mass spectra were taken on a Perkin-Elmer Sciex API-300 mass spectrometer. The other mass spectra 
(MS) were recorded using a Shimadzu LCMS-2010EV mass spectrometer with an ESI/APCI dual 
source. HRMS were recorded using a Shimadzu LCMS-IT-TOF mass spectrometer with an ESI/APCI 
dual source. Elemental analyses were performed using a Perkin–Elmer 2400II, and the results were 
within ±0.4% of the calculated values. Optical rotations were measured on a Rudolph Reseach 
Analytical AUTOPOL V. 
 
4-(Benzyloxy)-5-bromo-2-methylbenzoic acid (6) 
To an N,N-dimethylformamide solution (20 mL) of 4'-hydroxy-2'-methylacetophenone (5) (3.06 g, 
20.0 mmol) were added potassium carbonate (3.66 g, 26.4 mmol), benzyl bromide (2.7 mL, 22.4 
mmol), and n-Bu4NI (0.75 g, 2.03 mmol), and the mixture was stirred for 14 hours at room temperature. 
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To the reaction solution cooled in ice were added a saturated solution of ammonium chloride, 
subsequently water. The resulting mixture was extracted with ethyl acetate. The organic layer was 
washed with 20% aqueous solution of sodium thiosulfate and brine, and dried with anhydrous 
magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under reduced 
pressure. Thus obtained residue was purified with silica gel column chromatography (hexane:ethyl 
acetate = 8:1 to 6:1) to obtain 1-[4-(benzyloxy)-2-methylphenyl]ethanone (5.05 g, quant.) as a 
colorless powder. To an acetone solution (300 mL) of 1-[4-(benzyloxy)-2-methylphenyl]ethanone 
(20.9 g, 87.1 mmol) were added an aqueous solution (100 mL) of NaBr (9.86 g, 95.9 mmol), water 
(200 mL), and Oxone (registered trade mark, oxone-persulfuric acid chloride, from Aldrich) (59.0 g, 
95.9 mmol), and the mixture was stirred 2.5 hours at room temperature. To the reaction solution cooled 
in ice were added an aqueous solution (50 mL) of sodium sulfite (20 g), subsequently water. The 
resulting mixture was extracted with ethyl acetate. The organic layer was washed with 20% aqueous 
solution of sodium sulfite and brine, and dried with anhydrous magnesium sulfate. The drying agent 
was filtered off, and the solvent was evaporated under reduced pressure to obtain a mixture (27.2 g) 
of 1-[4-(benzyloxy)-5-bromo-2-methylphenyl]ethanone and 1-[4-(benzyloxy)-3-bromo-2-
methylphenyl]ethanone. To the mixture were added a 5% aqueous solution (300 mL, 255 mol) of 
sodium hypochlorite and an aqueous solution (10 mL) of potassium hydroxide (4.80 g, 85.3 mmol), 
stirred at 120°C for an hour, cooled to room temperature, and precipitated insoluble matter was filtered. 
To this insoluble matter was added 2 M hydrochloric acid, and the resulting mixture was extracted 
with ethyl acetate. The organic layer was washed with 2 M hydrochloric acid and brine, and dried with 
anhydrous magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under 
reduced pressure. Thus obtained residue was washed with methanol to obtain the titled compound 
(16.6 g, 59%, 2 steps) as a colorless powder. 1H NMR (300 MHz, DMSO-d6) δ ppm 2.45-2.57 (m, 




To a suspension of compound 6 (23.4 g, 72.9 mmol) in chloroform (160 mL) were added oxalyl 
chloride (6.56 mL, 76.5 mmol) and N,N-dimethylformamide (6 drops), and the mixture was stirred for 
an hour at room temperature. And then the reaction solution was concentrated to obtain 4-(benzyloxy)-
5-bromo-2-methylbenzoyl chloride. Then to a chloroform suspension (80 mL) of N,O-
dimethylhydroxylamine hydrochloride (7.46 g, 76.5 mmol) and triethylamine (21.3 mL, 153 mmol) 
cooled in ice was added dropwise a chloroform solution (60 mL) of 4-(benzyloxy)-5-bromo-2-
methylbenzoyl chloride, and the mixture was stirred for an hour at room temperature. To the reaction 
solution cooled in ice were added water and chloroform to separate an organic layer. The organic layer 
was washed with a saturated sodium bicarbonate aqueous solution and brine, and dried with anhydrous 
magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under reduced 
pressure to obtain 4-(benzyloxy)-5-bromo-N-methoxy-N-methylbenzamide. To a tetrahydrofuran 
solution (150 mL) of the 4-(benzyloxy)-5-bromo-N-methoxy-N-methylbenzamide was added at -10°C 
lithium aluminum hydroxide (1.44g, 38.0 mmol), and the mixture was stirred for an hour at the same 
temperature. To the reaction solution were added 1 M hydrochloric acid, and then ethyl acetate to 
separate an organic layer.  The organic layer was washed with 1 M hydrochloric acid, a saturated 
sodium bicarbonate aqueous solution and brine, and dried with anhydrous magnesium sulfate. The 
drying agent was filtered off, and the solvent was evaporated under reduced pressure to obtain the 
titled compound (4.57g, 65% in 2 steps) as a colorless amorphous. 
 
1-(benzyloxy)-2-bromo-5-methyl-4-(4-methoxybenzyl)benzene (10b) 
To a solution of 4-(benzyloxy)-5-bromo-2-methylbenzaldehyden (7) (3.0 g, 9.83 mmol) in 
tetrahydrofuran (20 mL) was added to a solution of 0.5 M 4-methoxyphenylmagnesium bromide 
prepared from 8b and MgBr2 in tetrahydrofuran (29.5 mL, 14.7 mmol) at –18 °C and the mixture was 
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stirred at –15 °C for 15 minutes. A saturated aqueous ammonium chloride solution was added to the 
reaction solution, and the mixture was extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous ammonium chloride solution and saturated saline, and dried over anhydrous 
magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced 
pressure, and the obtained residue was purified by silica gel column chromatography (hexane:ethyl 
acetate=4:1) to obtain [1-(benzyloxy)-2-Bromo-5-methylphenyl](4-methoxyphenyl)methanol was 
obtained as a colorless oil. Next, to a solution of [1-(benzyloxy)-2-bromo-5-methylphenyl](4-
methoxyphenyl)methanol (4.40 g) in acetonitrile (20 mL) and chloroform (20 mL) was added to 
Et3SiH (3.10 mL, 19.7 mmol) and BF3·Et2O (1.20 mL, 9.83 mmol) at –4 °C. After stirring at the same 
temperature for 30 minutes, 2 M aqueous potassium hydroxide solution (20 mL) was added. The 
resulting mixed liquid was extracted with chloroform, the organic layer was washed with 1 M 
hydrochloric acid and saturated saline, and dried over anhydrous magnesium sulfate. After the 
desiccant was filtered off, the solvent was evaporated under reduced pressure, and the obtained residue 
was purified by silica gel column chromatography (hexane:ethyl acetate=10:1) to obtain the titled 
compound (3.46 g, 89 % in 2 steps)  as a colorless oil. 1H NMR (300 MHz, CDCl3) δ ppm 2.17 (s, 3 
H), 3.79 (s, 3 H), 3.82 (s, 2 H), 5.12 (s, 2 H), 6.77 (s, 1 H), 6.82 (d, J = 8.4 Hz, 2 H), 7.02 (d, J = 8.4 
Hz, 2 H), 7.19 - 7.45 (m, 4 H), 7.44 - 7.58 (m, 2 H). EI m/z 396 [M+H]+. 
 
1-(Benzyloxy)-2-bromo-5-methyl-4-(4-ethoxybenzyl)benzene (10a) 
Compound 10a (62% in 2 steps) was obtained from 7 and 8a in a manner similar to that described 
for 10b. 
1H NMR (300 MHz, CDCl3) δ ppm 1.40 (t, J = 6.99 Hz, 3H), 2.16 (s, 3H), 3.81 (s, 2H), 3.94 - 4.07 
(m, 2H), 5.12 (s, 2H), 6.73 - 6.85 (m, 3H), 7.00 (d, J = 8.70 Hz, 2H), 7.22 - 7.32 (m, 1H), 7.32 - 7.42 




Compound 10c (50% in 2 steps) was obtained from 7 and 8c in a manner similar to that described 
for 10b. 1H NMR (300 MHz, CDCl3) δ ppm 2.17 (s, 3 H), 2.31 (s, 3 H), 3.84 (s, 2 H), 5.12 (s, 2 H), 
6.76 (s, 1 H), 6.95 - 7.03 (m, 2 H), 7.04 - 7.14 (m, 2 H), 7.22 - 7.58 (m, 6 H). EI m/z 380 [M+H]+. 
 
1-(Benzyloxy)-2-bromo-4-(4-ethylbenzyl)-5-methylbenzene (10d) 
A solution of 1-bromo-4-ethylbenzene (8d) (5.00 g, 16.4 mmol) in tetrahydrofuran (30 mL) was added 
with a hexane solution of 2.66 M n- butyllithium (6.47 mL, 17.2 mmol) at –60°C. After stirring at the 
same temperature for 15 minutes, a solution of 4-(benzyloxy)-5-bromo-2-methylbenzaldehyde (7) 
(3.03 g, 16.4 mmol) in tetrahydrofuran (15 mL) was added dropwise to reaction solution at the same 
temperature. And stirred for 15 minutes. A saturated aqueous ammonium chloride solution was added 
to the reaction solution, the temperature was raised to room temperature, this was extracted with ethyl 
acetate, the organic phase was washed with saturated saline, and then dried over anhydrous magnesium 
sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced pressure to 
obtain the crude intermediate. Et3SiH (3.93 mL, 24.6 mmol) and BF3·Et2O (2.49 mL, 19.7 mmol) were 
added to a chloroform solution of the intermediate (80 mL) at 0° C, and the mixture was stirred for 30 
minutes. A saturated aqueous sodium hydrogen carbonate solution was added to the reaction solution, 
the mixture was extracted with ethyl acetate, the organic phase was washed with saturated saline and 
then dried over anhydrous magnesium sulfate. The desiccant was filtered off, the solvent was 
evaporated under reduced pressure, and the obtained residue was purified by silica gel column 
chromatography (hexane:ethyl acetate=98:2) to obtain the titled compound (5.31 g, 82% in 2 steps) as 
a colorless oil. 1H NMR (300 MHz, CDCl3) δ ppm 1.22 (t, J = 7.62 Hz, 3 H), 2.17 (s, 3 H), 2.61 (q, J 
= 7.62 Hz, 2 H), 3.85 (s, 2 H), 5.12 (s, 2 H), 6.76 (s, 1 H), 7.01 (d, 2 H), 7.10 (d, 2 H), 7.27 - 7.43 (m, 





To a THF (17 mL) solution of 10b (3.46 g, 8.71 mmol) was added a 2.6 M n- butyllithium (3.7 mL, 
9.58 mmol) in hexane at –50°C. After stirring for 30 minutes at −60° C, 2,3,4,6-tetra-O-benzyl-5n-
thio-D-glucono-1,5-lactone (11) (3.22 g, 5.81 mmol) in THF (10 mL) was added to the reaction 
solution, and the mixture was stirred at the same temperature for 15 minutes. A saturated aqueous 
ammonium chloride solution was added to the reaction solution, the temperature was raised to room 
temperature. The mixture was extracted with ethyl acetate, the organic phase was washed with 
saturated saline, and then dried over anhydrous magnesium sulfate. The desiccant was filtered off, the 
solvent was evaporated under reduced pressure, and the obtained residue was purified by silica gel 
column chromatography (hexane:ethyl acetate=5:1) to obtain the compound (12b) (2.22g) as a pale 
yellow gum. To a solution of 12b (2.20 g, 2.52 mmol) in chloroform (6.0 mL) and acetonitrile (12.0 
mL) was added Et3SiH (0.800 mL, 5.04 mmol) and BF3·Et2O (0. 380 mL, 3.02 mmol) sequentially, 
and stirred for 1 hour. A saturated aqueous sodium hydrogen carbonate solution was added to the 
reaction solution, the mixture was extracted with ethyl acetate, and the organic phase was washed with 
saturated saline and then dried over anhydrous magnesium sulfate. After the desiccant was filtered off, 
the solvent was distilled off under reduced pressure and the obtained residue was purified by silica gel 
column chromatography (hexane:ethyl acetate=5:1) to give the compound 13b (2.15 g) as a colorless 
powder. To a solution of 13b (2.11 g, 2.46 mmol) in ethyl acetate (20 mL) and ethanol (20 mL) was 
added 20% palladium hydroxide activated carbon (2.1 g) under a hydrogen atmosphere, and the 
mixture was stirred at room temperature for 24 hours. The insoluble matter in the reaction solution 
was filtered through Celite, and the filtrate was concentrated. The obtained residue was purified by 
silica gel column chromatography (chloroform:methanol=10:1) to obtain the titled compound (690 
mg, 30% in 3 steps) as a colorless powder. 1H NMR (300 MHz, CD3OD) δ ppm 2.08 (s, 3 H), 2.91 - 
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3.06 (m, 1 H), 3.26 (t, 1 H), 3.59 (dd, J = 10.3, 8.9 Hz, 1 H), 3.68 - 3.78 (m, 1 H), 3.74 (s, 3 H), 3.81 
(s, 2 H), 3.82- 3.88 (m, 1 H), 3.94 (dd, J = 11.3, 3.7 Hz, 1 H), 4.29 (d, J = 10.6 Hz, 1 H), 6.60 (s, 1 H), 




Compound 14a (40% in 3 steps) was obtained as a colorless powder from 10a in a manner similar 
to that described for 14b. 1H NMR (300 MHz, CD3OD) δ ppm 1.35 (t, J = 7.0 Hz, 3H), 2.08 (s, 3 H), 
2.92 - 3.04 (m, 1 H), 3.22-3.27 (m, 1 H), 3.59 (dd, J = 10.3, 8.9 Hz, 1 H), 3.69 - 3.88 (m, 4 H), 3.89- 
4.03 (m, 3 H), 4.29 (d, J = 10.6 Hz, 1 H), 6.60 (s, 1 H), 6.73 - 6.80 (m, 2 H), 6.95 - 7.02 (m, 2 H), 7.04 
(s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 15.4, 19.7, 39.1, 43.4, 50.7, 62.9, 64.6, 76.1, 77.9, 81.3, 
115.5, 118.5, 122.8, 130.6, 131.0, 132.1, 134.5, 138.0, 155.2, 158.7; HR-MS ESI/APCI Dual m/z: 




Compound 14c (17% in 3 steps) was obtained as a colorless powder from 10c in a manner similar to 
that described for 14b. 1H NMR (300 MHz, CD3OD) δ ppm 2.07 (s, 3 H), 2.27 (s, 3 H), 2.92 - 3.04 
(m, 1 H), 3.25-3.28 (m, 1 H), 3.58 (dd, J = 10.3, 9.0 Hz, 1 H), 3.73 (dd, J = 11.5, 6.6 Hz, 1 H), 3.78 - 
3.88 (m, 3 H), 3.94 (dd, J = 11.5, 3.8 Hz, 1 H), 4.29 (d, J = 10.6 Hz, 1 H), 6.60 (s, 1 H), 6.94 - 6.98 
(m, 2 H), 7.01 - 7.04 (m, 2 H), 7.05 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 19.7, 21.2, 39.5, 
43.4, 50.8, 62.9, 76.1, 77.8, 81.4, 118.5, 122.8, 129.6, 130.0, 131.1, 131.9, 136.3, 138.0, 139.5, 155.2; 






Compound 14d (8% in 3 steps) was obtained as a colorless powder from 10d in a manner similar to 
that described for 14b. 1H NMR (300 MHz, CD3OD) δ ppm 1.19 (t, J = 7.6 Hz, 3H), 2.08 (s, 3 H), 
2.58 (q, J = 7.5 Hz, 2 H), 2.95 - 3.02 (m, 1 H), 3.23-3.28 (m, 1 H), 3.58 (dd, J = 10.1, 9.2 Hz, 1 H), 
3.73 (dd, J = 11.5, 6.4 Hz, 1 H), 3.81 - 3.87 (m, 3 H), 3.94 (dd, J = 11.4, 3.6 Hz, 1 H), 4.30 (d, J = 10.4 
Hz, 1 H), 6.61 (s, 1 H), 6.98 - 7.06 (m, 5 H); 13C NMR (126 MHz, CD3OD) δ ppm 16.4, 19.7, 29.6, 
39.6, 43.4, 50.7, 62.9, 76.1, 77.9, 81.3, 118.5, 122.8, 128.8, 129.7, 131.1, 131.8, 138.1, 139.8, 142.9, 
155.2; HR-MS ESI/APCI Dual m/z: 427.1541 [M+Na]+ (calcd for C22H28O5SNa 427.1550). 
 
2-[4-(Benzyloxy)-5-bromo-2-methylphenyl]-1,3-dioxolane (15) 
To a suspension of 4-(benzyloxy)-5-bromo-2-methylbenzoic acid (6) (16.6 g, 51.7 mmol) in 
chloroform (80 mL) were added oxalyl chloride (5.00 mL, 56.9 mmol) and N,N-dimethylformamide 
(6 drops), and the mixture was stirred for an hour at room temperature. And then the reaction solution 
was concentrated to obtain 4-(benzyloxy)-5-bromo-2-methylbenzoyl chloride. Then to a chloroform 
suspension (60 mL) of N,O-dimethylhydroxylamine hydrochloride (5.55 g, 56.9 mmol) and 
triethylamine (15.0 mL, 103 mmol) cooled in ice was added dropwise a chloroform solution (60 mL) 
of 4-(benzyloxy)-5-bromo-2-methylbenzoyl chloride, and the mixture was stirred for an hour at room 
temperature. To the reaction solution cooled in ice were added water and the resulting mixture was 
extracted with chloroform. The organic layer was washed with a saturated sodium bicarbonate aqueous 
solution and brine, and dried with anhydrous magnesium sulfate. The drying agent was filtered off, 
and the solvent was evaporated under reduced pressure to obtain 4-(benzyloxy)-5-bromo-N-methoxy-
N-methylbenzamide. To a tetrahydrofuran solution (150 mL) of the 4-(benzyloxy)-5-bromo-N-
methoxy-N-methylbenzamide was added at –10°C lithium aluminum hydroxide (1.96 g, 51.7 mmol), 
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and the mixture was stirred for an hour at the same temperature. To the reaction solution were added 
1 M hydrochloric acid, and the resulting mixture was extracted with ethyl acetate. The organic layer 
was washed with 1 M hydrochloric acid, a saturated sodium bicarbonate aqueous solution and brine, 
and dried with anhydrous magnesium sulfate. The drying agent was filtered off, and the solvent was 
evaporated under reduced pressure to obtain 4-(benzyloxy)-5-bromo-2-methylbenzaldehyde. To a 
toluene solution (120 mL) of the 4-(benzyloxy)-5-bromo-2-methylbenzaldehyde were added ethylene 
glycol (30.0 mL, 517 mmol) and p-toluenesulfonic acid monohydrate (0.500 g, 2.58 mmol), and heated 
to reflux for 1.5 hours with a Dean-Stark apparatus. After cooling to room temperature, the reaction 
mixture was diluted with ethyl acetate.  The organic layer was washed with water, a saturated sodium 
bicarbonate aqueous solution and brine, and dried with anhydrous magnesium sulfate. The drying 
agent was filtered off, and the solvent was evaporated under reduced pressure. Thus obtained residue 
was purified with silica gel column chromatography (hexane:ethyl acetate = 5:1). In addition, the 
residue was further purified with NH type silica gel column chromatography (chloroform) to obtain 
the titled compound (12.8 g, 71% in 3 steps) as a colorless powder. 1H NMR (300 MHz, CDCl3) δ 





To a solution of 15 (12.9 g, 36.9 mmol) in THF (100 mL), 2.67 M n-butyllithium in hexane (14.5 mL, 
36.9 mmol) was added dropwise at –78°C under a nitrogen atmosphere and stirred at the same 
temperature for 30 minutes. Then, a solution of 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone 
(16a) (9.77 g, 17.6 mmol) in tetrahydrofuran (40 mL) was added dropwise and stirred at the same 
temperature for 15 minutes. After addition of saturated aqueous ammonium chloride, the reaction 
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mixture was extracted with ethyl acetate. The organic layer was washed with saturated aqueous 
ammonium chloride and saturated aqueous sodium chloride, and then dried over anhydrous 
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under reduced 
pressure and the resulting residue was purified by silica gel column chromatography (hexane:ethyl 
acetate = 3:1 → 2:1) to give the titled compound (10.6 g, 73%) as a colorless amorphous. 1H NMR 
(300 MHz, CDCl3) δ ppm 2.39 (s, 3 H) 3.46-3.72 (m, 2 H) 3.86-4.22 (m, 8 H) 4.43-5.00 (m, 8 H) 5.10 




Compound 17b (10.7 g, 87%) was obtained as a yellow oil from 15 and 16b in a manner similar to 
that described for 17a. 1H NMR (300 MHz, CDCl3) δ ppm 2.40 (s, 3H), 3.65-3.86 (m, 3H), 3.89-4.21 
(m, 8H), 4.45-4.69 (m, 4H), 4.78-5.03 (m, 5H), 5.91 (s, 1H), 6.71 (s, 1H), 6.97 (dd, J = 7.31, 2.18 Hz, 




To a solution of 17a (11.1 g, 13.5 mmol) in tetrahydrofuran (100 mL), 6 N hydrochloric acid (100 mL) 
was added under ice cooling and stirred at room temperature for 12 hours. After addition of water 
under ice cooling, the reaction mixture was extracted with ethyl acetate. The organic layer was washed 
with saturated aqueous sodium bicarbonate and saturated aqueous sodium chloride, and then dried 
over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under 
reduced pressure and the resulting residue was purified by silica gel column chromatography 
(hexane:ethyl acetate = 2:1) to give the titled compound (10.1 g, quant.) as a light-yellow oil. 1H NMR 
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(300 MHz, CDCl3) δ ppm 2.64 (s, 3 H) 3.51-3.70 (m, 2 H) 3.84-4.29 (m, 4 H) 4.46-4.97 (m, 8 H) 5.04-




Compound 18b (10.2 g, quant.) was obtained as a yellow oil from 17b in a manner similar to that 
described for 18a. 1H NMR (300 MHz, CDCl3) δ ppm 2.66 (s, 3H), 3.60-3.72 (m, 2H), 3.74-3.82 (m, 
1H), 4.01 (t, J = 9.1 Hz, 1H), 4.07-4.20 (m, 3H), 4.40-4.61 (m, 5H), 4.71-5.05 (m, 5H), 6.70 (s, 1H), 




To a solution of 1,4-dibromobenzene (6.08 g, 25.8 mmol) in tetrahydrofuran (50 mL), 2.67 M n-
butyllithium in hexane (10.0 mL, 25.8 mmol) was added dropwise at –78°C under a nitrogen 
atmosphere. Then, a solution of 18a (10.0 g, 13.0 mmol) in tetrahydrofuran (30 mL) was added 
dropwise and stirred at the same temperature for 15 minutes.  After addition of saturated aqueous 
ammonium chloride, the reaction mixture was extracted with ethyl acetate.  The organic layer was 
washed with saturated aqueous ammonium chloride and saturated aqueous sodium chloride, and then 
dried over anhydrous magnesium sulfate.  After filtering off the desiccant, the solvent was distilled 
off under reduced pressure and the resulting residue was purified by silica gel column chromatography 
(hexane:ethyl acetate = 3:1 → 2:1) to give a crude intermediate (8.89 g) as a yellow amorphous. To a 
solution of this crude intermediate (8.89 g) in acetonitrile (60 mL), Et3SiH (4.60 mL, 28.4 mmol) and 
BF3⋅Et2O (2.88 mL, 22.7 mmol) were added at –10°C under a nitrogen atmosphere and stirred at the 
same temperature for 20 minutes. The reaction mixture was warmed to room temperature and 
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chloroform (30 mL) was added thereto, followed by stirring for 3.5 hours. After addition of saturated 
aqueous sodium bicarbonate under ice cooling, the reaction mixture was extracted with chloroform. 
The organic layer was washed with saturated aqueous sodium bicarbonate and saturated aqueous 
sodium chloride, and then dried over anhydrous magnesium sulfate. After filtering off the desiccant, 
the solvent was distilled off under reduced pressure and the resulting residue was purified by silica gel 
column chromatography (hexane:ethyl acetate = 15:1 → 10:1) to give the titled compound (2.34 g, 
20% in 2 steps) as a colorless and transparent amorphous substance. 1H NMR (300 MHz, CDCl3) δ 
ppm 2.14 (s, 3 H) 3.05-3.18 (m, 1 H) 3.55 (t, J=8.63 Hz, 1 H) 3.64-4.10 (m, 7 H) 4.48-4.69 (m, 5 H) 




Compound 19b (2.70 g, 23% in 2 steps) was obtained as a yellow oil from 18b in a manner similar 
to that described for 19a. 1H NMR (300 MHz, CDCl3) δ ppm 2.17 (s, 3H) 3.53-3.63 (m, 1H) 3.68-
3.91 (m, 7H) 4.00 (d, J=11.04 Hz, 1H) 4.39-4.95 (m, 8H) 5.01 (s, 2H) 6.75 (s, 1H) 6.86-6.97 (m, 4H) 




 To a solution of 19a (1.0 g, 1.10 mmol) in acetonitrile (11 mL), 3-butenoic acid (227 mg, 2.64 mmol), 
palladium(II) acetate (49 mg, 0.218 mmol), tri-O-tolylphosphine (135 mg, 0.218 mmol) and 
triethylamine (558 mg, 5.51 mmol) were added and reacted at 120°C for 20 minutes using a Biotage 
microwave system. The reaction mixture was evaporated under reduced pressure and the resulting 
residue was purified by silica gel column chromatography (hexane:ethyl acetate = 5:1 → 1:1 → 1:2) 
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to give the titled compound (598 mg, 60%) as an orange-yellow amorphous. 1H NMR (300 MHz, 
CDCl3) δ ppm 2.15 (s, 3 H) 3.00-3.34 (m, 3 H) 3.35-4.18 (m, 8 H) 4.45-4.68 (m, 5 H) 4.82-4.95 (m, 3 





Compound 20b (681 mg, 87%) was obtained as an orange-yellow amorphous from 19b in a manner 
similar to that described for 20a. 1H NMR (600 MHz, CDCl3) δ ppm 2.17 (s, 3H) 3.25 (d, J=5.50 Hz, 
2H) 3.53-3.84 (m, 6H) 3.84-3.95 (m, 2H) 4.00 (d, J=10.55 Hz, 1H) 4.43 (d, J=10.55 Hz, 1H) 4.50 (d, 
J=11.92 Hz, 1H) 4.57-4.65 (m, 2H) 4.80-4.93 (m, 4H) 4.99 (s, 2H) 6.12-6.22 (m, 1H) 6.42 (d, J=15.59 
Hz, 1H) 6.74 (s, 1H) 6.89-7.03 (m, 4H) 7.11-7.47 (m, 26H); 




To a solution of 21a (410 mg, 0.449 mmol) in chloroform (4.5 mL), 2-amino-2-methyl-1,3-
propanediol (118 mg, 1.12 mmol), HOBt·H2O (114 mg, 0.846 mmol) and WSCI·HCl (162 mg, 0.846 
mmol) were added and the mixture was stirred overnight. After addition of water, the reaction mixture 
was extracted with chloroform. The organic layer was washed with saturated aqueous sodium chloride 
and then dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was 
distilled off under reduced pressure and the resulting residue was purified by silica gel column 
chromatography (hexane:ethyl acetate = 1:1 → 1:2) to give 21c (310 mg) as an orange-yellow oily 
compound. To a solution of 21c in ethanol (6 mL), palladium hydroxide (200 mg) was added and 
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stirred overnight at room temperature under a hydrogen atmosphere.  After the reaction mixture was 
filtered through celite, the solvent was distilled off under reduced pressure and the resulting residue 
was purified by silica gel column chromatography (chloroform:methanol = 5:1) to give the titled 
compound (62 mg, 36% in 2 steps) as a colorless powder. 1H NMR (600 MHz, CD3OD) δ ppm 1.22 
(s, 3 H), 1.83 - 1.90 (m, 2 H), 2.08 (s, 3 H), 2.17 - 2.21 (m, 2 H), 2.58 (t, J = 7.8 Hz, 2 H), 2.96 - 3.01 
(m, 1 H), 3.26 (t, J = 8.9 Hz, 1 H), 3.56 - 3.67 (m, 5 H), 3.73 (dd, J = 11.5, 6.4 Hz, 1 H), 3.81 - 3.85 
(m, 3 H), 3.94 (dd, J = 11.5, 3.7 Hz, 1 H), 4.29 (d, J = 10.6 Hz, 1 H), 6.61 (s, 1 H), 6.99 - 7.03 (m, 2 
H), 7.03 - 7.10 (m, 3 H); 13C NMR (126 MHz, CD3OD) δ ppm 19.6, 19.7, 28.9, 35.9, 37.1, 39.5, 43.4, 
50.7, 60.2, 62.9, 66.2, 76.1, 77.9, 81.3, 118.5, 122.8, 129.6, 129.8, 131.1, 131.8, 138.0, 140.1, 140.5, 




Compound 22d (45 mg, 20% in 2 steps) was obtained as a colorless powder from 21a and 
tris(hydroxymethyl)aminomethane in a manner similar to that described for 22c. 1H NMR (600 MHz, 
CD3OD) δ ppm 1.84 - 1.93 (m, 2 H), 2.08 (s, 3 H), 2.21 - 2.27 (m, 2 H), 2.60 (t, J = 7.6 Hz, 2 H), 2.95 
- 3.01 (m, 1 H), 3.26 (t, J = 8.7 Hz, 1 H), 3.55 - 3.61 (m, 2 H), 3.69 - 3.76 (m, 6 H), 3.79 - 3.87 (m, 3 
H), 3.94 (dd, J = 11.5, 3.7 Hz, 1 H), 4.29 (d, J = 10.6 Hz, 1 H), 6.60 (s, 1 H), 6.99 - 7.10 (m, 5 H); HR-




Compound 22e (59 mg, 27% in 2 steps) was obtained as a colorless powder from 21a and 2-amino-
2-methylpropionamide in a manner similar to that described for 22c. 1H NMR (600 MHz, CD3OD) δ 
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ppm 1.44 (s, 6 H), 1.82 - 1.92 (m, 2 H), 2.08 (s, 3 H), 2.15 - 2.22 (m, 2 H), 2.58 (t, J = 7.8 Hz, 2 H), 
2.95 - 3.02 (m, 1 H), 3.26 (t, J = 8.9 Hz, 1 H), 3.56 - 3.60 (m, 1 H), 3.74 (dd, J = 11.5, 6.4 Hz, 1 H), 
3.79 - 3.87 (m, 3 H), 3.94 (dd, J = 11.5, 3.7 Hz, 1 H), 4.29 (d, J = 10.6 Hz, 1 H), 6.60 (s, 1 H), 6.99 - 
7.09 (m, 5 H); 13C NMR (126 MHz, CD3OD) δ ppm 19.7, 25.8, 28.6, 36.0, 36.6, 39.5, 43.4, 50.7, 57.7, 
62.9, 76.1, 77.9, 81.3, 118.5, 122.8, 129.6, 129.8, 131.1, 131.8, 138.0, 140.1, 140.5, 155.2, 175.6, 




Compound 22f (32 mg, 29% in 2 steps) was obtained as a colorless powder from 21b and 2-amino-
2-methyl-1,3-propanediol in a manner similar to that described for 22c. 1H NMR (600 MHz, 
CD3OD) δ ppm 1.22 (s, 3 H), 1.80 - 1.91 (m, 2 H), 2.09 (s, 3 H), 2.15 - 2.23 (m, 2 H), 2.58 (t, J = 7.6 
Hz, 2 H), 3.37 - 3.50 (m, 3 H), 3.51 - 3.73 (m, 6 H), 3.83 - 3.90 (m, 3 H), 4.51 (d, J = 9.6 Hz, 1 H), 




Compound 22g (60 mg, 42% in 2 steps) was obtained as a colorless powder from 21b and 
tris(hydroxymethyl)aminomethane in a manner similar to that described for 22c. 1H NMR (600 MHz, 
CD3OD) δ ppm 1.84 - 1.93 (m, 2 H), 2.10 (s, 3 H), 2.21 - 2.27 (m, 2 H), 2.59 (t, J = 7.6 Hz, 2 H), 3.37 
- 3.44 (m, 2 H), 3.48 (t, J = 8.5 Hz, 1 H), 3.53 - 3.59 (m, 1 H), 3.70 (s, 7 H), 3.83 - 3.90 (m, 3 H), 4.51 






Compound 22h (32 mg, 33% in 2 steps) was obtained as a colorless powder from 21b and 2-amino-
2-methylpropionamide in a manner similar to that described for 22c. 1H NMR (600 MHz, CD3OD) δ 
ppm 1.44 (s, 6 H), 1.82 - 1.90 (m, 2 H), 2.09 (s, 3 H), 2.19 (t, J = 7.6 Hz, 2 H), 2.57 (t, J = 7.6 Hz, 2 
H), 3.37 - 3.52 (m, 2 H), 3.56 (t, J = 9.2 Hz, 2 H), 3.70 (dd, J = 11.9, 5.0 Hz, 1 H), 3.82 - 3.90 (m, 3 
H), 4.51 (d, J = 9.6 Hz, 1 H), 6.63 (s, 1 H), 6.98 - 7.08 (m, 4 H), 7.11 (s, 1 H); 13C NMR (126 MHz, 
CD3OD) δ ppm 19.8, 25.8, 28.6, 36.0, 36.6, 39.5, 57.6, 63.1, 71.9, 75.8, 78.9, 80.2, 82.5, 119.0, 124.1, 
129.5, 129.7, 131.5, 131.7, 138.7, 140.2, 140.5, 155.1, 175.5, 180.2; HR-MS ESI/APCI Dual m/z: 




To an acetonitrile solution (5.4 mL) of 19b (0.48 g, 0.539 mmol) were added N-allyl-N'-(2-hydroxy-
1,1-dimethylethyl) urea (223 mg, 1.29 mmol), palladium(II) acetate (24.0 mg, 0.108 mmol), tri-O-
tolylphosphine (66.0 mg, 0.216 mmol) and triethylamine (273 mg, 2.69 mmol), and the mixture was 
stirred at 120°C for 20 minutes with microwave manufactured by Biotage.  The reaction solvent was 
evaporated under reduced pressure. Thus obtained residue was purified with silica gel column 
chromatography (chloroform and then chloroform:methanol = 50:1) to obtain 24b (210 mg, 40%) as 
a pale yellow amorphous. To an ethanol solution (3 mL) of 24b (210 mg, 0.214 mmol) was added 20% 
palladium hydroxide (210 mg), and the mixture was stirred overnight under a hydrogen atmosphere at 
room temperature. The reaction solution was filtered through celite, and the solvent was evaporated 
under reduced pressure to obtain a residue. Thus obtained residue was purified with silica gel column 
chromatography (chloroform:methanol = 5:1) to obtain the titled compound (83 mg, 29% in 2 steps) 
as a colorless powder. 1H NMR (600 MHz, CD3OD) δ ppm 1.23 (s, 6 H), 1.68 - 1.76 (m, 2 H), 2.09 
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(s, 3 H), 2.54 - 2.60 (m, 2 H), 3.05 (t, J = 6.9 Hz, 2 H), 3.37 - 3.44 (m, 2 H), 3.45 - 3.58 (m, 4 H), 3.70 
(dd, J = 11.9, 5.0 Hz, 1 H), 3.83 - 3.90 (m, 3 H), 4.51 (d, J = 9.6 Hz, 1 H), 6.63 (s, 1 H), 6.98 - 7.03 
(m, 2 H), 7.03 - 7.08 (m, 2 H), 7.12 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 19.8, 25.1, 33.3, 
33.8, 39.5, 40.4, 55.0, 63.1, 71.0, 71.9, 75.8, 78.9, 80.2, 82.5, 119.0, 124.0, 129.4, 129.7, 131.5, 131.8, 





Compound 25a (180 mg, 54% in 2 steps) was obtained as a colorless powder from 19b and N-allyl-
4-methylpiperazine-1-carboxyamide in a manner similar to that described for 25b. 1H NMR (600 MHz, 
CD3OD) δ ppm 1.74 - 1.82 (m, 2 H), 2.10 (s, 3 H), 2.29 (s, 3 H), 2.37 - 2.42 (m, 4 H), 2.54 - 2.60 (m, 
2 H), 3.15 (t, J = 7.1 Hz, 2 H), 3.33 - 3.44 (m, 6H), 3.48 (t, J = 8.9 Hz, 1 H), 3.53 - 3.58 (m, 1 H), 3.70 
(dd, J = 12.2, 5.3 Hz, 1 H), 3.83 - 3.89 (m, 3 H), 4.51 (d, J = 9.6 Hz, 1 H), 6.63 (s, 1 H), 6.99 - 7.09 
(m, 4 H), 7.12 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 19.8, 33.1, 34.0, 39.5, 41.8, 44.4, 44.5, 
46.2, 55.7, 55.7, 63.1, 71.9, 75.7, 78.9, 80.2, 82.5, 119.0, 124.1, 128.4, 129.4, 129.7, 131.5, 131.8, 





Compound 25c (60 mg, 20% in 2 steps) was obtained as a colorless powder from 19b and N-allyl-
N'-[2-hydroxy-1,1-bis(hydroxymethyl)ethyl] urea in a manner similar to that described for 25b. 
1H NMR (600 MHz, CD3OD) δ ppm 1.70 - 1.77 (m, 2 H), 2.09 (s, 3 H), 2.54 - 2.62 (m, 2 H), 3.07 (t, 
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J = 6.9 Hz, 2 H), 3.36 - 3.60 (m, 5 H), 3.61 - 3.73 (m, 6 H), 3.82 - 3.91 (m, 3 H), 4.51 (d, J = 9.6 Hz, 
1 H), 6.63 (s, 1 H), 6.99 - 7.08 (m, 4 H), 7.08 - 7.15 (m, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 
19.8, 19.8, 33.1, 33.8, 39.5, 40.6, 41.3, 61.9, 63.1, 63.4, 63.5, 71.9, 75.7, 78.9, 80.2, 82.5, 119.0, 124.0, 
128.3, 129.5, 129.7, 129.8, 131.5, 131.8, 138.8, 140.1, 140.6, 155.1, 161.5; HR-MS ESI/APCI Dual 




To a tetrahydrofuran solution (3 mL) of 2-(4-bromophenyl)-N-tritylethaneamine (26) (0.814 g, 1.84 
mmol) was added dropwise under nitrogen atmosphere at –78°C a 2.66 M hexane solution of n-
butyllithium (0.690 mL, 1.84 mmol), and the mixture was stirred for 30 minutes at the same 
temperature. Then a tetrahydrofuran solution (3 mL) of 18b (0.670 g, 0.876 mmol) was added 
dropwise, and the mixture was stirred for 30 minutes at the same temperature. To the reaction solution 
was added water, and the resulting mixture was extracted with ethyl acetate. The organic layer was 
dried with anhydrous magnesium sulfate. The drying agent was filtered off, and the solvent was 
evaporated under reduced pressure. Thus obtained residue was purified with NH type silica gel column 
chromatography (chloroform) to obtain the titled compound (0.634 g, 64%) as a yellow oil. 1H NMR 
(300 MHz, CDCl3) δ ppm 2.12-2.22 (m, 3H), 2.30-2.43 (m, 2H), 2.65-2.76 (m, 2H), 3.64-3.84 (m, 
3H), 3.99-4.22 (m, 4H), 4.42-4.65 (m, 5H), 4.75-5.04 (m, 5H), 5.83-5.91 (m, 1H), 6.67-6.72 (m, 1H), 




To an acetonitrile solution (6 mL) of 27 (0.638 g, 0.565 mmol) were added under a nitrogen 
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atmosphere at 0°C Et3SiH (0.270 mL, 1.69 mmol) and BF3⋅Et2O (1.58 mL, 1.24 mmol), and the 
mixture was stirred for 30 minutes at the same temperature. To the reaction solution cooled in ice was 
added a saturated sodium bicarbonate aqueous solution and the resulting mixture was extracted with 
ethyl acetate. The organic layer was dried with anhydrous magnesium sulfate. The drying agent was 
filtered off, and the solvent was evaporated under reduced pressure. Thus obtained residue was purified 
with silica gel column chromatography (hexane:ethyl acetate = 9:1) to obtain the titled compound 
(0.402 g, 59%) as a pale yellow oil. 1H NMR (300 MHz, CDCl3) δ ppm 2.16 (s, 3H), 2.36 (t, J = 6.8 
Hz, 2H), 2.68 (t, J = 6.8 Hz, 2H), 3.52-3.65 (m, 1H), 3.67-3.92 (m, 7H), 4.00 (d, J = 10.9 Hz, 1H), 




To a chloroform solution of 28 (0.402 g, 0.336 mmol) was added at room temperature trifluoroacetate 
(0.5 mL), and the mixture was stirred for 3 hours at the same temperature. To the reaction solution was 
added ethanol and then the solvent was evaporated under reduced pressure. Thus obtained residue was 
purified with NH type silica gel column chromatography (hexane:ethyl acetate = 4:6, 
chloroform:methanol = 20:1) to obtain the titled compound (0.296 g, quant.) as a colorless oil. 1H 
NMR (300 MHz, CDCl3) δ ppm 2.20 (s, 3H), 2.65 (t, J = 6.8 Hz, 2H), 2.89 (t, J = 6.8 Hz, 2H), 3.52-





To a chloroform solution (3 mL) of 4-nitrophenyl chloroformate (0.177 g, 0.879 mmol) and pyridine 
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(0.071 mL, 0.88 mmol), which was cooled in ice, was added dropwise a chloroform solution (3 mL) 
of 29 (0.249 g, 0.292 mmol), and the mixture was stirred for 20 minutes at room temperature. After 
that, a chloroform solution (3 mL) of tris(hydroxymethyl)aminomethane (0.283 g, 2.34 mmol) and 
dimethyl sulfoxide (3 mL) were added thereto, and the mixture was stirred overnight at the same 
temperature. To the reaction solution was added water, and the resulting mixture was extracted with 
ethyl acetate. The organic layer was washed with water and brine (3 times), and dried with anhydrous 
magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under reduced 
pressure to obtain a residue. Thus obtained residue was purified with NH type silica gel column 
chromatography (chloroform) to (1S)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-({4-[2-
({[1,3-dihydroxy-2-(hydroxymethyl)propan-2-yl]carbamoyl}amino)ethyl]phenyl}methyl)-4-
methylphenyl]-D-glucitol (0.251 g) as a pale yellow oil. To a methanol solution (4 mL) of (1S)-1,5-
anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-({4-[2-({[1,3-dihydroxy-2-
(hydroxymethyl)propan-2-yl]carbamoyl}amino)ethyl]phenyl}methyl)-4-methylphenyl]-D-glucitol 
(0.242 g, 0.242 mmol) was added 20% palladium hydroxide (0.180 g), and the mixture was stirred 
under a hydrogen atmosphere at room temperature overnight. The reaction solution was filtered 
through celite and evaporated under reduced pressure. Thus obtained residue was purified with silica 
gel column chromatography (chloroform:methanol = 17:3) to obtain the titled compound (85 mg, 55% 
in 2 steps) as a colorless powder. 1H NMR (600 MHz, CD3OD) δ ppm 2.09 (s, 3 H), 2.68 (t, J = 7.3 
Hz, 2 H), 3.24 - 3.32 (m, 3 H), 3.36 - 3.66 (m, 9 H), 3.68 - 3.74 (m, 1 H), 3.81 - 3.90 (m, 3 H), 4.52 
(d, J = 9.6 Hz, 1 H), 6.64 (s, 1 H), 7.00 - 7.14 (m, 5 H); 13C NMR (126 MHz, CD3OD) δ ppm 19.8, 
37.1, 39.5, 42.7, 62.0, 63.1, 63.5, 71.9, 75.7, 78.9, 80.2, 82.5, 119.0, 124.1, 129.8, 129.9, 131.5, 131.7, 
138.2, 138.8, 140.6, 155.1, 161.4; IR (KBr) ν~ = 3319, 2923, 1639, 1566, 1511, 1442, 1285, 1083, 
1029 cm-1; HR-MS ESI/APCI Dual m/z: 551.2586 [M+H]+ (calcd for C27H38N2O10 551.2599); [α]25 D = 





Compound 30a (57 mg, 38% in 2 steps) was obtained as a colorless powder from 29 and 2-amino-2-
methyl-1-propanol in a manner similar to that described for 25b. 1H NMR (300 MHz, CD3OD) δ ppm 
1.25 (s, 6 H), 2.13 (s, 3 H), 2.72 (t, J = 7.1 Hz, 2 H), 3.25 - 3.37 (m, 3 H), 3.38 - 3.80 (m, 6 H), 3.86 - 
3.96 (m, 3 H), 4.56 (d, J = 9.3 Hz, 1 H), 6.68 (s, 1 H), 7.03 - 7.19 (m, 5 H); 13C NMR (126 MHz, 
CD3OD) δ ppm 19.8, 25.1, 37.2, 39.5, 42.5, 55.0, 63.1, 71.0, 71.9, 75.8, 78.9, 80.2, 82.5, 119.0, 124.1, 
129.8, 129.9, 131.6, 131.7, 138.3, 138.8, 140.6, 155.1, 161.0; HR-MS ESI/APCI Dual m/z: 519.2692 
[M+H]+ (calcd for C27H38N2O8 519.2701). 
 
Methyl 1-C-(5-bromo-2,4-dimethylphenyl)-D-glucopyranoside (35) 
A 2.8-M n-butyllithium solution in hexane (26.8 mL, 74.2 mmol) was added dropwise to a THF (100 
mL) solution of 1,5-dibromo-2,4-dimethylbenzene (33) (17.6 g, 74.2 mmol) at –78°C in a nitrogen 
atmosphere, and the mixture was stirred for 15 minutes at the same temperature. Then, a THF (60 mL) 
solution of 2,3,4,6-tetra-O-trimethylsilyl-D-glucono-1,5-lactone (34) (38.1 g, 81.7 mmol) was added 
dropwise over 25 minutes, and the mixture was stirred for 15 minutes at the same temperature. Ice 
water was added to the reaction solution, and the resulting mixture was warmed to room temperature 
and then extracted with ethyl acetate. The combined organic layer was washed with a saturated saline 
solution and dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent 
was distilled off under reduced pressure. The resulting residue was dissolved in a methanol (370 mL) 
solution containing methanesulfonic acid (0.480 mL, 7.42 mmol), and the solution was stirred for 16 
hours at room temperature. Then, the solution was neutralized with triethylamine (1.40 mL, 10.3 
mmol), and the reaction mixture was concentrated. The resulting residue was purified using neutral 
silica gel column chromatography (chloroform:methanol ratio = 9:1 to 8:1) to obtain the titled 
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compound as a light-yellow gummy substance (17.8 g, 64% in 2 steps). 1H NMR (300 MHz, CDCl3) 
δ ppm 2.32 (s, 3H), 2.33 (s, 3H), 2.93 (s, 1H), 3.08 (s, 3H), 3.26–3.38 (m, 1H), 3.55–3.62 (m, 2H), 




Triethylamine (24.1 mL, 172 mmol) and chlorotrimethylsilane (18.8 mL, 147 mmol) were added to 
a N, N-dimethylformamide (102 mL) solution of compound 35 (9.30 g, 24.7mmol) under ice cooling. 
The reaction mixture was stirred for 16 hours at room temperature, and ice water was added. The 
mixture was extracted twice with toluene, and the combined organic layer was washed with water and 
then dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was 
distilled off under reduced pressure to obtain the titled compound (15.8 g, 96%). This compound was 
used in the next reaction without purification. 1H NMR (300 MHz, CDCl3) δ ppm –0.32 (s, 9H), 0.13 
(s, 9H), 0.19 (s, 9H), 0.20 (s, 9H), 2.33 (s, 3H), 2.43 (s, 3H), 3.10 (s, 3H), 3.38 (d, J = 9.0 Hz, 1H), 




A 2.77 M n-butyllithium hexane solution (2.8 mL, 7.8 mmol) was added dropwise to a THF (40 mL) 
solution of compound 7 (5.2 g, 7.8 mmol) at –78°C in an argon atmosphere, and the mixture was 
stirred for 30 minutes at the same temperature. Then, a THF (10 mL) solution of 4-bromobenzaldehyde 
(37a) (1.4 g, 8.6 mmol) was added dropwise over 15 minutes, and the mixture was stirred for 2 hours 
at the same temperature. Water was added to the reaction liquid; after the mixture was warmed to room 
temperature, the warmed mixture was extracted twice with ethyl acetate. The combined organic layer 
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was washed with a saturated saline solution and dried over anhydrous magnesium sulfate. The 
desiccant was filtered out, and the solvent was distilled off under reduced pressure. The resulting 
residue was dissolved in a methanol (39 mL) solution containing methanesulfonic acid (0.051 mL), 
and the solution was stirred for 2 hours at room temperature. The reaction liquid was neutralized with 
triethylamine (1.1 mL), and the reaction mixture was concentrated to obtain compound 38a (4.17 g). 
Compound 38a was used in the next reaction without purification. Compound 38a (4.17 g, 7.80 mmol) 
was dissolved in pyridine (24 mL). Acetic anhydride (20 mL) was added to the resulting solution, and 
the mixture was stirred for 16 hours at room temperature. Ice water was added, and the mixture was 
extracted twice with toluene. The combined organic layer was washed with 2 M hydrochloric acid and 
a saturated sodium hydrogen carbonate solution and then dried over anhydrous magnesium sulfate. 
The desiccant was filtered out, and the solvent was distilled off under reduced pressure to obtain crude 
compound 39a (4.43 g). Et3SiH (4.20 mL, 25.4 mmol) was added to a solution of crude compound 
39a (4.43 g) in chloroform (22 mL) and acetonitrile (22 mL), and the mixture was cooled with ice in 
a nitrogen atmosphere. Under ice cooling, BF3·OEt2 (2.40 mL, 19.0 mmol) was added dropwise over 
10 minutes, and the mixture was stirred for 2 hours at the same temperature. A saturated aqueous 
solution of sodium hydrogen carbonate was added to the reaction liquid, and the mixture was extracted 
with ethyl acetate. Then, the organic layer was dried over anhydrous magnesium sulfate. The desiccant 
was filtered out, and the solvent was distilled off under reduced pressure. The resulting residue was 
purified using acidic silica gel column chromatography (hexane:ethyl acetate ratio = 40:1) to obtain 
the titled compound as a colorless powder (1.74 g, 37% in 4 steps). 1H NMR (300 MHz, CDCl3) δ 
ppm 1.76 (s, 3H), 2.01 (s, 3H), 2.06 (s, 3H), 2.07 (s, 3H), 2.11 (s, 3H), 2.35 (s, 3H), 3.79–3.90 (m, 
3H), 4.10–4.27 (m, 2H), 4.58–4.67 (m, 1H), 5.18–5.36 (m, 3H), 6.92–6.97 (m, 3H), 7.11 (s, 1H), 7.33–
7.36 (m, 1H), 7.37–7.40 (m, 1H). 





Compound 40b (69% in 4 steps) was obtained from 36 and 37b in a manner similar to that described 
for 40a. 1H NMR (300 MHz, CDCl3) δ ppm 1.77 (s, 3H), 2.01 (s, 3H), 2.05 (s, 4H), 2.07 (s, 3H), 2.13 
(s, 3H), 2.36 (s, 3H), 3.78–3.96 (m, 3H), 4.11–4.28 (m, 2H), 4.60 (d, J = 9.5 Hz, 1H), 5.17–5.37 (m, 
3H), 6.74 (t, J = 8.1 Hz, 1H), 6.95 (s, 1H), 7.08 (s, 1H), 7.12–7.17 (m, 2H), 7.21 (dd, J = 9.3, 1.9 Hz, 




Compound 40c (85% in 4 steps) was obtained from 36 and 37c in a manner similar to that described 
for 40a. 1H NMR (300 MHz, CDCl3) δ ppm 1.76 (s, 3H), 2.00 (s, 3H), 2.05 (s, 3H), 2.06 (s, 3H), 2.12 
(s, 3H), 2.27 (s, 3H), 2.37 (s, 3H), 3.76–3.86 (m, 3H), 4.08–4.28 (m, 2H), 4.58 (d, J = 9.6 Hz, 1H), 
5.14–5.36 (m, 3H), 6.61 (d, J = 8.2 Hz, 1H), 6.95 (d, J = 9.2 Hz, 2H), 7.19 (dd, J = 8.16, 1.79 Hz, 1H), 




Compound 40d (52% in 4 steps) was obtained from 36 and 37d in a manner similar to that described 
for 40a. 1H NMR (300 MHz, CDCl3) δ ppm 1.78 (s, 3H), 2.00 (s, 3H), 2.05 (s, 3H), 2.07 (s, 3H), 2.10 
(s, 3H), 2.37 (s, 3H), 3.78–3.87 (m,3H), 4.08–4.29 (m, 2H), 4.60 (d, J = 9.3 Hz, 1H), 5.16-5.38 (m, 
3H), 6.65 (d, J = 8.2 Hz, 1H), 6.97 (s, 1H), 7.03 (s, 1H), 7.23 (d, J = 2.0 Hz, 1H), 7.54 (d, J = 2.2 Hz, 






Compound 40e (56% in 4 steps) was obtained from 36 and 37e in a manner similar to that described 
for 40a. 1H NMR (300 MHz, CDCl3) δ ppm 1.21 (d, J = 3.6 Hz, 3H), 1.23 (d, J = 3.6 Hz, 3H), 1.76 
(s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.06 (s, 3H), 2.13 (s, 3H), 2.36 (s, 3H), 3.06–3.18 (m, 1H), 3.73–
3.84 (m, 1H), 3.87 (s, 2H), 4.07–4.14 (m, 1H), 4.18–4.27 (m, 1H), 4.58 (d, J = 9.8 Hz, 1H), 5.10–5.34 
(m, 3H), 6.60 (d, J = 8.2 Hz, 1H), 6.92 (s, 1H), 6.96 (s, 1H), 7.17 (dd, J = 8.2, 2.2 Hz, 1H), 7.40 (d, J 




Compound 40f (84% in 4 steps) was obtained from 36 and 37f in a manner similar to that described 
for 40a. 1H NMR (300 MHz, CDCl3) δ ppm 1.75 (s, 3H), 2.00 (s, 3H), 2.05 (s, 3H), 2.06 (s, 3H), 2.12 
(s, 3H), 2.36 (s, 3H), 3.79-3.86 (m, 6H), 4.11–4.17 (m, 1H), 4.20–4.27 (m, 1H), 4.59 (d, J = 9.5 Hz, 
1H), 5.17–5.36 (m, 3H), 6.58 (d, J = 7.9 Hz, 1H), 6.92–6.98 (m, 3H), 7.05 (s, 1H). 
 
N-(1-Hydroxy-2-methylpropan-2-yl)-2,2-dimethylbut-3-enamide (43) 
2-Amino-2-methylpropan-1-ol (42) (1.00 g, 11.2 mol), WSCI·HCl (2.15 g, 11.2 mmol) and 
HOBt·H2O (1.51 g, 11.2 mmol) were added to a chloroform (37 mL) solution of 2,2-dimethyl-3-
butenoic acid (41) (1.11 g, 7.48 mmol) in a nitrogen atmosphere, and the mixture was stirred for 16 
hours at room temperature. Water was added to the reaction liquid, and the mixture was extracted with 
chloroform. Then, the organic layer was washed with 2 M hydrochloric acid, a saturated aqueous 
solution of sodium hydrogen carbonate, and a saturated saline solution and then dried over anhydrous 
magnesium sulfate. The desiccant was filtered out, and the solvent was distilled off under reduced 
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pressure. The resulting residue was purified using silica gel column chromatography (hexane:ethyl 
acetate ratio = 9:1 to 1:1) to obtain the titled compound as a colorless powder (0.70 g, 51%). 1H NMR 
(300 MHz, CDCl3) δ ppm 1.24 (s, 6H), 1.28 (s, 6H), 3.55 (s, 2H), 5.19-5.30 (m, 2H), 5.74 (br s, 1H), 





In an argon atmosphere, an acetonitrile (36 mL) suspension of compound 40a (0.50 g, 0.83 mmol), 
compound 43 (0.370 g, 1.98 mmol), palladium (II) acetate (37.0 mg, 0.170 mmol), tri-o-
tolylphosphine (101 mg, 0.330 mmol), and triethylamine (0.580 mL, 4.15 mmol) was stirred for 30 
minutes at 120°C under microwave irradiation. The reaction mixture was filtered using Celite 
(registered trademark) and washed with ethyl acetate. The filtrate was concentrated under reduced 
pressure, and the resulting residue was purified using neutral silica gel column chromatography 
(hexane:ethyl acetate ratio = 1:2) to obtain the titled compound as a partially purified product (1.5 g). 
The titled compound (1.5 g) was further purified using neutral silica gel column chromatography 
(hexane:ethyl acetate ratio = 7:3→2:8) to obtain the titled compound as a light-yellow amorphous 
substance (514 mg, 87%). 1H NMR (300 MHz, CDCl3) δ ppm 1.22 (s, 6H), 1.36 (s, 6H), 1.78 (s, 3H), 
2.01 (s, 3H), 2.05 (s, 3H), 2.07 (s, 3H), 2.14 (s, 3H), 2.36 (s, 3H), 3.79–3.87 (m, 1H), 3.93 (s, 2H), 
4.09–4.27 (m, 3H), 4.59–4.67 (m, 1H), 4.83 (br s, 1H), 5.18–5.37 (m, 3H), 6.22–6.29 (m, 1H), 6.47–
6.54 (m, 1H), 6.94 (s, 1H), 7.06 (d, J = 8.1 Hz, 2H), 7.14 (s, 1H), 7.29 (d, J = 8.2 Hz, 2H). MS 







Compound 44b (70%) was obtained from 40b and 43 in a manner similar to that described for 44a. 
1H NMR (300 MHz, CDCl3) δ ppm 1.24 (s, 5H), 1.37 (s, 4H), 1.78 (s, 2H), 2.00 (s, 2H), 2.06 (s, 2H), 
2.06 (s, 2H), 2.16 (s, 2H), 2.36 (s, 3H), 3.55 (s, 2H), 3.79–4.00 (m, 1H), 3.80–4.00 (m, 2H), 4.12–4.27 
(m, 2H), 4.61 (d, J = 9.5 Hz, 1H), 5.19–5.37 (m, 3H), 6.24–6.32 (m, 1H), 6.43–6.51 (m, 1H), 6.84 (t, 





Compound 44c (36%) was obtained from 40c and 43 in a manner similar to that described for 44a. 
1H NMR (300 MHz, CDCl3) δ ppm 1.23 (s, 6H), 1.37 (s, 6H), 1.77 (s, 3H), 1.99 (s, 3H), 2.05 (s, 3H), 
2.14 (s, 3H), 2.31 (s, 3H), 2.37 (s, 3H), 3.55 (d, J = 5.28 Hz, 2H), 3.78-3.87 (m, 3H), 4.07–4.25 (m, 
2H), 4.58 (d, J = 9.6 Hz, 1H), 4.85 (s, 1H), 5.13–5.35 (m, 3H), 6.22–6.32 (m, 1H), 6.46–6.54 (m, 1H), 





Compound 44d was obtained as a mixture with 43 from 40d in a manner similar to that described 
for 44a. 1H NMR (300 MHz, CDCl3) δ ppm 1.23 (s, 6H), 1.37 (s, 6H), 1.79 (s, 3H), 1.99 (s, 3H), 2.05 
(s, 3H), 2.06 (s, 3H), 2.13 (s, 3H), 2.38 (s, 3H), 2.49 (s, 3H), 3.55 (s, 2H), 3.77–3.87 (m, 1H), 3.91–
4.08 (m, 2H), 4.11–4.27 (m, 2H), 4.61 (d, J = 9.48 Hz, 1H), 5.28–5.38 (m, 3H), 6.26–6.33 (m, 1H), 
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6.42–6.50 (m, 1H), 6.76 (d, J = 8.08 Hz, 1H), 6.97 (s, 1H), 7.04–7.19 (m, 2H), 7.29–7.36 (m, 1H), 





Compound 44e was obtained as a mixture with 43 from 40e in a manner similar to that described for 
44a. 1H NMR (300 MHz, CDCl3) δ ppm 1.24–1.28 (m, 12H), 1.38 (s, 6H), 1.77 (s, 3H), 1.98 (s, 3H), 
2.04 (s, 6H), 2.16 (s, 3H), 2.37 (s, 3H), 3.12–3.22 (m, 1H), 3.55 (d, J = 5.9 Hz, 2H), 3.77–3.83 (m, 
1H), 3.93 (s, 2H), 4.07–4.14 (m, 1H), 4.16–4.25 (m, 1H), 4.59 (d, J = 9.9 Hz, 1H), 4.82–4.89 (m, 2H), 
5.12–5.35 (m, 3H), 5.96 (d, J = 10.7 Hz, 1H), 6.02 (d, J = 10.6 Hz, 1H), 6.27 (d, J = 16.2 Hz, 1H), 
6.50–6.58 (m, 1H), 6.73 (d, J = 8.1 Hz, 1H), 6.96 (d, J = 4.4 Hz, 2H), 7.13 (dd, J = 7.9, 1.4 Hz, 1H), 





Compound 44f was obtained as a mixture with 43 from 40f in a manner similar to that described for 
44a. 1H NMR (300 MHz, CDCl3) δ ppm 1.22–1.29 (m, 56H), 1.37 (s, 6H), 1.77 (s, 3H), 2.00 (s, 3H), 
2.03–2.07 (m, 9H), 2.15 (s, 3H), 2.36 (s, 3H), 2.49 (s, 2H), 3.77–3.87 (m, 3H), 3.89 (s, 3H), 4.12 (q, J 
= 7.2 Hz, 1H), 4.21 (d, J = 4.7 Hz, 1H), 4.60 (d, J = 9.3 Hz, 1H), 5.16–5.37 (m, 3H), 6.22–6.31 (m, 
1H), 6.47–6.55 (m, 1H), 6.70 (d, J = 7.6 Hz, 1H), 6.82–6.90 (m, 2H), 6.95 (s, 1H), 7.08 (s, 1H). MS 






Sodium methoxide (4.88 M) in methanol solution (0.593 mL, 2.90 mmol) was added to a methanol 
(4.8 mL) solution of compound 44a (0.514g, 0.724 mmol), and the mixture was stirred for 2 hours at 
room temperature. Dry ice was added to the reaction liquid, and the solvent was distilled off under 
reduced pressure. The resulting residue was purified using neutral silica gel column chromatography 
(ethyl acetate:ethanol:water ratio = 30:2:1) to obtain the titled compound as colorless amorphous 
substance (306 mg, 78%). 1H NMR (300 MHz, CD3OD) δ ppm 1.26 (s, 6H) 1.33 (s, 6H) 2.13 (s, 3H) 
2.36 (s, 3H) 3.34 (s, 1H) 3.31–3.71 (m, 7H) 3.82–3.91 (m, 1H) 3.94 (s, 2H) 4.42 (d J = 9.1 Hz, 1H) 
6.29–6.38 (m, 1H) 6.39–6.46 (m, 1H) 6.47–6.59 (m, 1H) 6.95 (s, 1H) 7.07 (d, J = 8.2 Hz, 2H) 7.21–
7.34 (m, 3H); 13C NMR (126 MHz, CD3OD) δ ppm 19.4, 19.5, 23.8, 25.9, 40.1, 46.5, 55.9, 63.4, 69.8, 
72.3, 76.1, 79.8, 80.3, 82.5, 127.5, 130.0, 130.4, 130.5, 133.4, 135.0, 136.2, 136.3, 136.8, 137.3, 137.5, 




Compound 45b (59%) was obtained from 44b in a manner similar to that described for 45a. 
1H NMR (300 MHz, CD3OD) δ ppm 1.27 (s, 6H) 1.34 (s, 6H) 2.15 (s, 3H) 2.36 (s, 3H) 3.37–3.40 (m, 
1H) 3.44–3.54 (m, 4H) 3.60–3.72 (m, 1H) 3.82–3.97 (m, 4H) 4.38–4.42 (m, 1H) 6.36–6.56 (m, 2H) 
6.85–7.27 (m, 5H); 13C NMR (126 MHz, CD3OD) δ ppm 19.3, 19.4, 23.8, 25.8, 32.4, 46.6, 56.0, 63.4, 
69.8, 72.3, 76.1, 79.8, 80.3, 82.5, 113.4, 113.6, 123.5 (d, J = 2.5 Hz), 128.2, 128.3, 129.5, 130.3, 131.9 
(d, J = 5.0 Hz), 133.4, 136.1, 136.5, 136.7, 137.0, 137.2, 138.9 (d, J = 7.5 Hz), 161.6, 163.5, 178.7; 






Compound 45c (77%) was obtained from 44c in a manner similar to that described for 45a. 
1H NMR (300 MHz, CD3OD) δ ppm 1.27 (s, 6H) 1.34 (s, 6H) 2.14 (s, 3H) 2.30 (s, 3H) 2.37 (s, 3H) 
3.34–3.49 (m, 6H) 3.61 (dd, J = 11.8, 5.6 Hz, 1H) 3.80–3.91 (m, 3H) 4.34–4.41 (m, 1H) 6.29–6.39 
(m, 1H) 6.43 (s, 1H) 6.46–6.57 (m, 1H) 6.76 (d, J = 7.9 Hz, 1H) 6.99 (s, 1H) 7.04–7.13 (m, 2H) 7.24 
(s, 1H); 13C NMR (126 MHz, CD3OD) δ ppm 19.4, 19.4, 19.9, 23.9, 25.9, 37.3, 46.5, 55.9, 63.5, 69.8, 
72.3, 75.9, 79.9, 80.3, 82.5, 125.1, 129.2, 130.0, 130.2, 130.7, 133.3, 134.8, 136.3, 136.4, 136.7, 137.0, 





Compound 45d (5% in 2 steps) was obtained from 44d in a manner similar to that described for 45a. 
1H NMR (300 MHz, CD3OD) δ ppm 1.27 (s, 6H) 1.34 (s, 6H) 2.11 (s, 3H) 2.37 (s, 3H) 3.33–3.69 (m, 
7H) 3.81–3.92 (m, 1H) 4.02 (s, 2H) 4.41 (d, J = 9.17 Hz, 1H) 6.35–6.56 (m, 3H) 6.83 (d, J = 7.9 Hz, 





Compound 45e (51% in 2 steps) was obtained from 44e in a manner similar to that described for 45a. 
1H NMR (300 MHz, CD3OD) δ ppm 1.23 (d, J = 2.3 Hz, 3H) 1.26 (d, J = 2.3 Hz, 3H) 1.28 (s, 6H) 
1.36 (s, 6H) 2.17 (s, 3H) 2.37 (s, 3H) 3.14-3.23 (m, 1H) 3.34–3.50 (m, 6H) 3.55–3.64 (m, 2H) 3.84 
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(dd, J = 12.0, 2.0 Hz, 1H) 3.96 (s, 2H) 4.33–4.40 (m, 1H) 6.31–6.39 (m, 1H) 6.45 (s, 1H) 6.51–6.60 
(m, 1H) 6.79 (d, J = 8.1 Hz, 1H) 7.00 (d, J = 5.9 Hz, 2H) 7.12 (dd, J = 7.9, 1.6 Hz, 1H) 7.34 (d, J=1.6 
Hz, 1H); 13C NMR (126 MHz, CD3OD) δ ppm 19.4, 19.5, 23.9, 24.1, 24.2, 26.0, 30.2, 36.6, 46.5, 
55.9, 63.5, 69.8, 72.3, 76.0, 79.9, 80.3, 82.5, 124.6, 124.7, 129.8, 130.9, 131.0, 133.3, 134.7, 136.3, 
136.6, 136.8, 137.1, 137.5, 138.1, 148.6, 179.0; HRMS ESI/APCI Dual m/z: 584.3569 [M+H]+  (calcd 




Compound 45f (33% in 2 steps) was obtained from 44f in a manner similar to that described for 45a. 
1H NMR (300 MHz, CD3OD) δ ppm 1.27 (s, 6H) 1.35 (s, 6H) 2.13 (s, 3H) 2.35 (s, 3H) 3.36–3.67 (m, 
7H) 3.83–3.89 (m, 5H) 4.40 (d, J = 9.0 Hz, 1H) 6.29–6.60 (m, 3H) 6.71–6.79 (m, 1H) 6.82–6.91 (m, 
1H) 6.92–7.03 (m, 2H) 7.18 (s, 1H); 13C NMR (126 MHz, CD3OD) δ ppm 19.3, 19.4, 23.8, 25.9, 33.8, 
46.5, 55.9, 56.0, 63.5, 69.8, 72.3, 76.1, 79.9, 80.3, 82.5, 109.2, 119.9, 130.1, 130.4, 130.8, 130.9, 133.2, 
135.1, 136.2, 136.5, 137.3, 137.3, 137.8, 159.0, 179.0; HRMS ESI/APCI Dual m/z: 572.3198 [M+H]+  





In an argon atmosphere, an acetonitrile (36 mL) suspension of (1S)-1,5-anhydro-2,3,4,6-tetra-O-
benzyl-1-{2-(benzyloxy)-5-[(4-bromophenyl)methyl]-4-methylphenyl}-D-glucitol (19b) (518 mg, 
0.58 mmol), compound 43 (162 mg, 0.870 mmol), palladium (II) acetate (13.1 mg, 0.0580 mmol), tri-
o-tolylphosphine (35.4 mg, 0.116 mmol), and triethylamine (0.406 mL, 2.91 mmol) was stirred for 20 
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minutes at 120°C under microwave irradiation. The reaction mixture was filtered using Celite 
(registered trademark) and washed with ethyl acetate. The filtrate was concentrated under reduced 
pressure, and the resulting residue was purified using neutral silica gel column chromatography 
(hexane:ethyl acetate ratio = 1:1) to obtain the titled compound as pale-yellow oil (416 mg, 72%). 1H 
NMR (300 MHz, CDCl3) δ ppm 1.21 (s, 6H), 1.36 (s, 6H), 2.20 (s, 3H), 3.55 (s, 3H), 3.72–3.79 (m, 
4H), 3.92 (s, 2H), 4.00 (m, 1H), 4.41–4.52 (m, 2H), 4.57–4.65 (m, 2H), 4.83–4.92 (m, 3H), 5.00 (s, 
2H), 5.21–5.29 (m, 2H), 5.73 (s, 2H), 6.21 (d, J = 16.3 Hz, 1H), 6.46 (d, J = 16.3 Hz, 1H), 6.75 (s, 




EtSH (4.10 mL, 26.5 mmol) was added to a solution of compound 46 (410 mg, 0.412 mmol) in 
chloroform (4.1 mL), and the mixture was cooled with ice in a nitrogen atmosphere. Under ice cooling, 
BF3·OEt2 (0.82 mL, 6.5 mmol) was added, and the mixture was stirred for 2 hours at room temperature. 
Methanol was added to the reaction liquid, and the mixture was distilled off under reduced pressure. 
The resulting residue was purified using acidic silica gel column chromatography (ethyl 
acetate:ethanol:water ratio = 20:2:1) to obtain the titled compound as a partially purified product (72 
mg). The titled compound (72 mg) was further purified using acidic silica gel column chromatography 
(chloroform→chloroform:methanol ratio = 4:1) to obtain the titled compound as colorless amorphous 
substance (8.7 mg, 4%). 1H NMR (300 MHz, CDCl3) δ ppm 1.26 (s, 6H) 1.35 (s, 6H) 2.10 (s, 3H) 
3.34–3.71 (m, 7H) 3.84–3.91 (m, 2H) 4.07 (s, 1H) 4.52 (d, J = 9.5 Hz, 1H) 6.29–6.58 (m, 2H) 6.64 (s, 





An aqueous suspended solution (75 mL) of potassium iodide (7.88 g, 0.0368 mol) and iodine (18.7 
g, 0.0736 mol) was added to an acetic acid (200 mL) solution of 3-isopropylphenol (25.0 g, 0.184 
mol), and the resulting reaction solution was stirred for 20 hours at room temperature. After the 
addition of diethyl ether (400 mL) and water (300 mL), the organic layer was separated. The organic 
layer was washed with water, a saturated aqueous solution of sodium hydrogen carbonate, and a 
saturated saline solution and then dried over anhydrous magnesium sulfate. The desiccant was filtered 
out, and the solvent was distilled off under reduced pressure. The resulting residue was purified using 
neutral silica gel column chromatography (hexane:ethyl acetate ratio = 95:5) to obtain a colorless oily 
titled compound (27.6 g, 57%). 1H NMR (300 MHz, CDCl3) δ ppm 1.16 –1.25 (m, 6 H) 2.64–2.98 (m, 
1 H) 5.21 (s, 1 H) 6.57 (dd, J = 8.1, 2.2 Hz, 1 H) 6.88 (d, J = 2.2 Hz, 1 H) 7.54 (d, J = 8.1 Hz, 1 H). 
 
2-(Benzyloxy)-1-iodo-4-(propan-2-yl)benzene (50a) 
Benzyl bromide (14.4 mL, 0.121 mol) was added to an acetonitrile suspension of compound 49 (26.5 
g, 0.101 mol) and potassium carbonate (20.9 g, 0.152 mol), and the mixture was stirred at room 
temperature for 2 hours, followed by the addition of methanol (1.0 mL) and stirring for an additional 
30 minutes. The insoluble materials were filtered off, and the filtrate was concentrated. The resulting 
residue was purified using silica gel column chromatography (hexane:ethyl acetate ratio = 95:5) to 
obtain the titled compound as a colorless oil (30.2 g, 85%). 1H NMR (300 MHz, CDCl3) δ ppm 1.21 
(d, J = 7.0 Hz, 6 H) 2.84 (m, 1 H) 5.14 (s, 2 H) 6.62 (dd, J = 8.4, 2.2 Hz, 1 H) 6.74 (d, J = 2.2 Hz, 1 
H) 7.23–7.58 (m, 5 H) 7.68 (d, J = 8.4 Hz, 1 H). 
 
1-Iodo-2-methoxy-4-(propan-2-yl)benzene (50b) 
Methyl iodide (9.80 mL, 0.156 mol) was added to an acetonitrile suspension (200 mL) of compound 
49 (27.4 g, 0.104 mol) and potassium carbonate (21.7 g, 0.156 mol), and the mixture was stirred for 
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2.5 hours at 40°C. Methyl iodide (3.5 mL, 0.052 mol) was further added, and the mixture was stirred 
for 1 hour at the same temperature. The insoluble materials were filtered off, and the filtrate was 
diluted with ethyl acetate. The organic layer was washed with water, a 10% aqueous solution of sodium 
thiosulfate, and a saturated saline solution and then dried over anhydrous magnesium sulfate. The 
desiccant was filtered out, and the solvent was distilled off under reduced pressure. The resulting 
residue was purified using neutral silica gel column chromatography (hexane→hexane:ethyl acetate 
ratio = 95:5) to obtain a light-yellow oily compound (24.5 g, 85%). 1H NMR (300 MHz, CDCl3) δ 
ppm 1.24 (d, J = 6.8 Hz, 6 H) 2.87 (m, 1 H) 3.88 (s, 3 H) 6.58–6.65 (m, 1 H) 6.70 (d, J = 1.9 Hz, 1 H) 




n-Butyllithium (2.6 M) in hexane (33.0 mL, 85.7 mmol) was added dropwise to a solution of 
compound 50a (30.2 g, 85.7 mmol) in THF (450 mL) at –78°C under a nitrogen atmosphere, and the 
mixture was stirred at the same temperature for 15 minutes. Next, a solution of 2,3,4,6-tetra-O-
trimethylsilyl-D-glucono-1,5-lactone (34) (40.0 g, 85.7 mmol) in THF (230 mL) was added dropwise 
over 15 minutes, and the mixture was stirred at the same temperature for 20 minutes. Saturated aqueous 
ammonium chloride (150 mL) and water (100 mL) were added to the reaction mixture, and the mixture 
was warmed to room temperature and then extracted twice with ethyl acetate. The combined organic 
layers were washed with brine and dried over anhydrous magnesium sulfate. After filtering off the 
desiccant, the solvent was distilled off under reduced pressure. The resulting residue was dissolved in 
a solution containing methanesulfonic acid (2.9 g) in methanol (840 mL), and the mixture was stirred 
at room temperature for 14.5 hours. After neutralization with triethylamine (2.5 mL), the reaction 
mixture was concentrated. The resulting residue (46.4 g) was dissolved in pyridine (125 mL) and 
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cooled to 4°C. Acetic anhydride (75 mL) and 4-dimethylaminopyridine (102 mg, 0.835 mmol) were 
added to the solution, and the mixture was stirred at room temperature for 19 hours. After the addition 
of ice water (500 mL), the mixture was extracted twice with ethyl acetate (500 mL). The combined 
organic layers were washed with saturated aqueous sodium bicarbonate and brine and then dried over 
anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under 
reduced pressure to yield a crude compound (53 g). Et3SiH (13.7 mL, 85.7 mmol) and BF3⋅Et2O (10.9 
mL, 85.7 mmol) were added to a solution of the crude compound in chloroform (250 mL) and 
acetonitrile (250 mL) at 4°C under a nitrogen atmosphere, and the mixture was stirred at the same 
temperature for 1.5 hours. The reaction mixture was diluted with saturated aqueous sodium 
bicarbonate and extracted with chloroform. The organic layer was washed with brine and dried over 
anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under 
reduced pressure and the resulting residue was purified using silica gel column chromatography 
(hexane:ethyl acetate ratio = 5:1 → 2:1) to obtain the titled compound as a light-yellow amorphous 
substance (19.1 g, 40% in 4 steps). 1H NMR (300 MHz, CDCl3) δ ppm 1.21 (d, J = 6.99 Hz, 6 H) 1.78 
(s, 3 H) 2.01 (s, 6 H) 2.05 (s, 3 H) 2.86 (m, 1 H) 3.80 (m, 1 H) 4.06–4.13 (m, 1 H) 4.19–4.27 (m, 1 H) 
4.96 (d, J = 9.9 Hz, 1 H) 5.10 (s, 2 H) 5.16–5.25 (m, 1 H) 5.33 (t, J = 9.2 Hz, 1 H) 5.40–5.49 (m, 1 H) 
6.79 (d, J = 1.4 Hz, 1 H) 6.85 (dd, J = 7.9, 1.4 Hz, 1 H) 7.26–7.52 (m, 6 H); MS ESI/APCI Dual m/z 
579[M+Na]+. 
 
 (1S)-2,3,4,6-Tetra-O-acetyl-1,5-anhydro-1-[2-methoxy-4-(propan-2-yl)phenyl]-D-glucitol (51b) 
A 2.6 M n-butyllithium solution in hexane (34.0 mL, 88.6 mmol) was added dropwise to a THF (100 
mL) solution of compound 50b (24.5 g, 88.6 mmol) at –78°C in a nitrogen atmosphere, and the 
mixture was stirred for 5 minutes at the same temperature. Then, a THF (60 mL) solution of 2,3,4,6-
tetra-O-trimethylsilyl-D-glucono-1,5-lactone (34) (37.6 g, 80.5 mmol) was added dropwise over 25 
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minutes, and the mixture was stirred for 10 minutes at the same temperature. Ice water was added to 
the reaction solution, and the resulting mixture was warmed to room temperature and then extracted 
twice with ethyl acetate. The combined organic layer was washed with a saturated saline solution and 
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled 
off under reduced pressure. The resulting residue was dissolved in a methanol (380 mL) solution 
containing methanesulfonic acid (1.55 g, 16.1 mmol), and the solution was stirred for 2 hours at room 
temperature. Then, the solution was neutralized with triethylamine (11.2 mL, 80.5 mmol), and the 
reaction mixture was concentrated. The resulting residue (30.2 g) was dissolved in pyridine (100 mL), 
and acetic anhydride (100 mL) was then added; the mixture was then stirred for 14 hours at room 
temperature. Ice water (400 mL) was added, and the mixture was extracted twice with ethyl acetate 
(200 mL). The combined organic layer was washed with 1 M hydrochloric acid, a saturated aqueous 
solution of sodium hydrogen carbonate, and a saturated saline solution and then dried over anhydrous 
magnesium sulfate. The desiccant was filtered out, and the solvent was distilled off under reduced 
pressure. The resulting residue was purified using neutral silica gel column chromatography 
(hexane→hexane:ethyl acetate ratio = 6:4) . The obtained organic layer was distilled off under reduced 
pressure. Et3SiH (21 mL, 128 mmol) and BF3·OEt2 (49 mL, 385 mmol) were added to a solution of 
the resulting residue (32.8 g) in chloroform (150 mL) and acetonitrile (150 mL) at 4°C in a nitrogen 
atmosphere, and the mixture was stirred for 1 hour at the same temperature. A saturated aqueous 
solution of sodium hydrogen carbonate was added to the reaction solution, and the mixture was 
extracted with chloroform. Then, the organic layer was washed with a saturated saline solution and 
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled 
off under reduced pressure. The resulting residue was purified using neutral silica gel column 
chromatography (hexane:ethyl acetate ratio = 2:1) to obtain the titled compound as light-yellow 
gummy substance (22.9 g, 59% in 4 steps). 1H NMR (300 MHz, CDCl3) δ ppm 1.22 (d, J = 7.0 Hz, 6 
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H) 1.77 (s, 3 H) 2.01 (s, 3 H) 2.05 (s, 3 H) 2.07 (s, 3 H) 2.87 (dt, J = 13.8, 7.0 Hz, 1 H) 3.80–3.87 (m, 
1 H) 3.84 (s, 3 H) 4.09–4.16 (m, 1 H) 4.22–4.29 (m, 1 H) 4.88–4.95 (m, 1 H) 5.18–5.27 (m, 1 H) 5.32–
5.38 (m, 2 H) 6.71 (d, J = 1.6 Hz, 1 H) 6.83 (dd, J = 7.9, 1.6 Hz, 1 H) 7.23–7.30 (m, 1 H); MS ESI/APCI 




Ten-percent palladium on activated carbon (1.8 g) was added to a solution of compound 51a (19.1 
g, 34.3 mmol) in methanol (200 mL), and the mixture was stirred under a hydrogen atmosphere at 
room temperature for 2 hours. After the reaction mixture was filtered through celite, the solvent was 
distilled off under reduced pressure and the resulting residue was purified using silica gel column 
chromatography (hexane:ethyl acetate ratio = 2:1 → 1:1) to yield (1S)-2,3,4,6-tetra-O-acetyl-1,5-
anhydro-1-[2-hydroxy-4-(propan-2-yl)phenyl]-D-glucitol as a colorless amorphous substance (12.3 g). 
Bromine (4.2 g, 26.3 mmol) was then added dropwise to a solution of (1S)-2,3,4,6-tetra-O-acetyl-1,5-
anhydro-1-[2-hydroxy-4-(propan-2-yl)phenyl]-D-glucitol (12.3 g, 26.3 mmol) in acetic acid (120 mL) 
at room temperature. The reaction mixture was stirred for 1.5 hours, and ice water (150 mL) was added. 
This mixture was extracted twice with ethyl acetate, and the combined organic layers were washed 
with saturated aqueous sodium bicarbonate and 10% aqueous sodium thiosulfate and brine and then 
dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off 
under reduced pressure. The resulting residue was dissolved in 2-propanol (20 mL), to which hexane 
(50 mL) was then added dropwise. The mixture was stirred at 4°C for 1 hour, and the resulting 
precipitate was filtered to obtain the titled compound (9.8 g, 52% in 2 steps) as a colorless powder. 
1H NMR (300 MHz, CDCl3) δ ppm 1.12-1.26 (m, 6 H) 1.89 (s, 3 H) 2.01 (s, 3 H) 2.07 (s, 3 H) 2.13 
(s, 3 H) 3.22 (sept, J = 6.74 Hz, 1 H) 3.87 (ddd, J = 9.5, 3.7, 2.2 Hz, 1 H) 4.14–4.22 (m, 1 H) 4.28–
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4.36 (m, 1 H) 4.53 (d, J = 9.3 Hz, 1 H) 5.16–5.39 (m, 3 H) 6.82 (s, 1 H) 7.14 (s, 1 H); MS ESI/APCI 




Bromine (2.40 mL, 47.6 mmol) was added dropwise to an acetic acid (90 mL) solution of compound 
51b (22.9 g, 47.7 mmol) at room temperature. The reaction mixture was stirred for 1 hour, and the 
resulting reaction liquid was added to a saturated aqueous solution of sodium hydrogen carbonate (400 
mL). The mixture was extracted twice with ethyl acetate, and the combined organic layer was washed 
with a 10% saline solution; the system was then dried over anhydrous magnesium sulfate. The 
desiccant was filtered out, and the solvent was distilled off under reduced pressure. The resulting 
residue was purified using neutral silica gel column chromatography (hexane:ethyl acetate ratio = 3:2) 
to obtain the titled compound as a light-yellow amorphous substance (25.5 g, 96%). 
1H NMR (300 MHz, CDCl3) δ ppm 1.20 (d, J = 6.8 Hz, 3 H) 1.23 (d, J = 6.8 Hz, 3 H) 1.80 (s, 3 H) 
2.01 (s, 3 H) 2.05 (s, 3 H) 2.09 (s, 3 H) 3.31 (quin, J = 6.8 Hz, 1 H) 3.77–3.82 (m, 1 H) 3.83 (s, 3 H) 
4.10–4.17 (m, 1 H) 4.22–4.30 (m, 1 H) 4.83 (d, J = 9.5 Hz, 1 H) 5.17–5.38 (m, 3 H) 6.75 (s, 1 H) 7.49 




Triethylamine (24 mL) and water (24 mL) were added to a solution of compound 52a (12.2 g, 22.3 
mmol) in methanol (120 mL). The reaction mixture was stirred at room temperature for 15 hours and 
then further stirred at 50°C for 10 hours; the solvent was distilled off under reduced pressure. The 
resulting residue was dissolved in N,N-dimethylformamide (106 mL), to which triethylamine (18.6 
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mL, 134 mmol) and chlorotrimethylsilane (14.3 mL, 112 mmol) were added at 4°C under a nitrogen 
atmosphere. The reaction mixture was stirred at 4°C for 1 hour, followed by the addition of ice water 
(150 mL). The mixture was extracted three times with toluene, and the combined organic layers were 
washed with water and saturated aqueous sodium bicarbonate and brine and then dried over anhydrous 
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under reduced 
pressure to obtain the titled compound (17.4 g) as an oil. This compound was used in the next reaction 
without purification. 1H NMR (300 MHz, CDCl3) δ ppm -0.28 (s, 9 H) 0.08 (s, 9 H) 0.19 (s, 9 H) 0.20 
(s, 9 H) 0.29 (s, 9 H) 1.16 (d, J = 6.8 Hz, 3 H) 1.21 (d, J = 6.8 Hz, 3 H) 3.17-3.37 (m, 1 H) 3.41–3.56 
(m, 3 H) 3.62 - 3.72 (m, 1 H) 3.76-3.86 (m, 1 H) 4.46 (d, J = 8.2 Hz, 1 H) 6.64 (s, 1 H) 7.47 (s, 1 H). 
 
 (1S)-1,5-Anhydro-1-[5-bromo-2-methoxy-4-(propan-2-yl)phenyl]-2,3,4,6-tetrakis-O-
(trimethylsilyl)-D-glucitol (53b)  
A 25 wt.% sodium methoxide-methanol solution (1.0 mL, 4.9 mmol) was added to a methanol (250 
mL) suspension of compound 52b (25.5 g, 45.6 mmol), and the mixture was stirred for 2 hours at 
room temperature. Dry ice was placed in the reaction solution, and the solvent was distilled off under 
reduced pressure. The resulting residue was dissolved in N,N-dimethylformamide (135 mL); 
triethylamine (45 mL) and chlorotrimethylsilane (35 mL) were then added under ice cooling. The 
reaction mixture was stirred for 2 hours at room temperature, and ice water was added. The mixture 
was extracted twice with toluene, and the combined organic layer was washed with a saturated saline 
solution; the system was then dried over anhydrous magnesium sulfate. The desiccant was filtered out, 
and the solvent was distilled off under reduced pressure to obtain the titled compound as a brown oily 
substance (30.3 g). This compound was used in the next reaction without purification. 1H NMR (300 
MHz, CDCl3) δ ppm -0.32 (s, 9 H) 0.09 (s, 9 H) 0.18 (s, 9 H) 0.20 (s, 9 H) 1.19 (d, J = 6.8 Hz, 3 H) 
1.23 (d, J = 6.8 Hz, 3 H) 3.26–3.44 (m, 3 H) 3.52–3.58 (m, 2 H) 3.65–3.75 (m, 3 H) 3.76–3.83 (m, 1 
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A 2.7 M n-BU hexane solution (4.70 mL, 12.9 mmol) was added dropwise to a THF (40 mL) solution 
of compound 53b (8.70 g, 12.9 mmol) at -78°C in an argon atmosphere, and the mixture was stirred 
for 10 minutes at the same temperature. Then, a THF (25 mL) solution of 4-bromobenzaldehyde (37a) 
(2.60 g, 14.2 mmol) was added dropwise over 15 minutes, and the mixture was stirred for 30 minutes 
at the same temperature. A saturated aqueous solution of ammonium chloride was added to the reaction 
liquid; after the mixture was warmed to room temperature, the warmed mixture was extracted twice 
with ethyl acetate. The combined organic layer was washed with a saturated saline solution and dried 
over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled off 
under reduced pressure. The resulting residue was dissolved in a methanol (65 mL) solution containing 
methanesulfonic acid (0.2 g), and the solution was stirred for 14 hours at room temperature. The 
reaction liquid was neutralized with triethylamine (1.8 mL), and the reaction mixture was concentrated. 
The resulting residue was purified using acidic silica gel column chromatography 
(chloroform→chloroform:methanol ratio = 9:1) to obtain an intermediate compound (54f) as a 
colorless amorphous substance (2.9 g). Compound 54f (2.9 g, 5.8 mmol) was dissolved in pyridine 
(18 mL). Acetic anhydride (9 mL) was added to the resulting solution, and the mixture was stirred for 
5 hours at room temperature. Ice water was added, and the mixture was extracted twice with ethyl 
acetate. The combined organic layer was washed with 3 M hydrochloric acid and a saturated saline 
solution and then dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the 
solvent was distilled off under reduced pressure to obtain a crude product (3.3 g). Et3SiH (1.1 mL, 7.1 
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mmol) was added to a solution of the crude product (3.3 g) in chloroform (25 mL) and acetonitrile (25 
mL), and the mixture was cooled with ice in a nitrogen atmosphere. Under ice cooling, BF3·OEt2 (0.9 
mL, 7.1 mmol) was added dropwise over 10 minutes, and the mixture was stirred for 30 minutes at 
the same temperature. A saturated aqueous solution of sodium hydrogen carbonate was added to the 
reaction liquid, and the mixture was extracted with chloroform. Then, the organic layer was washed 
with a saturated saline solution and dried over anhydrous magnesium sulfate. The desiccant was 
filtered out, and the solvent was distilled off under reduced pressure. The resulting residue was purified 
using acidic silica gel column chromatography (hexane:ethyl acetate ratio = 9:1→6:4) to obtain the 
titled compound as a colorless oil (2.9 g, 34% in 4 steps). 1H NMR (300 MHz, CDCl3) δ ppm 1.04 (d, 
J = 6.8 Hz, 3 H) 1.09 (d, J = 6.8 Hz, 3 H) 1.76 (s, 3 H) 2.01 (s, 3 H) 2.05 (s, 3 H) 2.06 (s, 3 H) 2.91–
3.06 (m, 1 H) 3.80–3.88 (m, 4 H) 3.91 (d, J = 5.1 Hz, 2 H) 4.06–4.18 (m, 1 H) 4.20–4.31 (m, 1 H) 
4.82–4.93 (m, 1 H) 5.15–5.43 (m, 3 H) 6.77 (s, 1 H) 6.92 (d, J = 8.6 Hz, 2 H) 7.11 (s, 1 H) 7.36 (d, J 




Compound 55e (56% in 4 steps) was obtained from 53a and 37a in a manner similar to that described 
for 55f. 
1H NMR (300 MHz, CDCl3) δ ppm 1.06 (d, J = 6.8 Hz, 3H), 1.09 (d, J = 6.7 Hz, 3H), 1.77 (s, 3H), 
2.01 (s, 3H), 2.04 (s, 3H), 2.07 (s, 3H), 2.36 (s, 3H), 2.95–3.05 (m, 1H), 3.75–3.83 (m, 1H), 3.96 (s, 
2H), 4.08 (dd, J = 12.5, 2.2 Hz, 1H), 4.29 (dd, J = 12.5, 4.7 Hz, 1H), 4.51–4.58 (m, 1H), 5.15–5.24 
(m, 1H), 5.28–5.34 (m, 2H), 6.91–6.98 (m, 3H), 7.15 (s, 1H), 7.38 (d, J = 8.2 Hz, 2H); MS ESI/APCI 






Compound 55g (50% in 4 steps) was obtained from 53a and 37c in a manner similar to that described 
for 55f. 
1H NMR (300 MHz, CDCl3) δ ppm 1.12 (d, J = 6.7 Hz, 3 H) 1.14 (d, J = 6.7 Hz, 3 H) 1.76 (s, 3 H) 
1.99 (s, 3 H) 2.03 (s, 3 H) 2.06 (s, 3 H) 2.27 (s, 3 H) 2.37 (s, 3  H) 2.93 (sept, J = 6.7 Hz, 1 H) 3.76 
(ddd, J = 9.9, 4.5, 2.2 Hz, 1 H) 3.87 (s, 2 H) 4.06 (dd, J = 12.5, 2.2 Hz, 1 H) 4.27 (dd, J = 12.5, 4.5 
Hz, 1 H) 4.49 (d, J = 9.6 Hz, 1 H) 5.10–5.33 (m, 3 H) 6.59 (d, J = 8.4 Hz, 1 H) 6.97 (s, 1 H) 7.00 (s, 




Compound 55h (53% in 4 steps) was obtained from 53b and 37c in a manner similar to that described 
for 55f. 
1H NMR (300 MHz, CDCl3) δ ppm 1.11 (d, J = 6.7 Hz, 3 H) 1.14 (d, J = 6.7 Hz, 3 H) 1.75 (s, 3 H) 
1.99 (s, 3 H) 2.04 (s, 3 H) 2.05 (s, 3 H) 2.28 (s, 3 H) 2.90 (sept, J = 6.7 Hz, 1 H) 3.71–3.90 (m, 3 H) 
3.86 (s, 3H) 3.85–3.87 (m, 1 H) 4.05–4.15 (m, 1 H) 4.19–4.28 (m, 1 H) 4.77–4.85 (m, 1 H) 5.11–5.23 
(m, 1 H) 5.26–5.37 (m, 2 H) 6.54 (d, J = 8.2 Hz, 1 H) 6.81 (s, 1 H) 6.96 (s, 1 H) 7.17 (dd, J = 8.2, 2.6 








1H NMR (600 MHz, CD3OD) δ ppm 1.03 (d, J = 6.9 Hz, 6H) 1.26 (s, 6H) 1.33 (s, 6H) 3.02 (dt, J = 
13.6, 6.7 Hz, 1H) 3.34 (s, 2H) 3.39–3.45 (m, 2H) 3.46–3.51 (m, 3H) 3.58 (t, J = 9.2 Hz, 1H) 3.71 (dd, 
J = 12.2, 5.3 Hz, 1H) 3.87 (dd, J = 11.9, 1.8 Hz, 1H) 3.95 (s, 2H) 4.52 (d, J = 9.6 Hz, 1H) 6.34 (d, J = 
16.5 Hz, 1H) 6.42 (s, 1H) 6.51 (d, J = 16.5 Hz, 1H) 6.76 (s, 1H) 7.06 (d, J = 8.3 Hz, 2H) 7.14 (s, 1H) 
7.29 (d, J = 8.3 Hz, 2H); 13C NMR (126 MHz, CD3OD) δ ppm 23.9, 24.1, 24.2, 25.9, 30.3, 39.2, 46.5, 
55.9, 63.1, 69.8, 71.9, 75.7, 78.9, 80.2, 82.5, 114.4, 124.0, 127.5, 129.8, 129.9, 130.5, 132.1, 135.0, 





Compound 56f (54% in 2 steps) was obtained from 55f and 43 in a manner similar to that described 
for 45a. 
1H NMR (600 MHz, CD3OD) δ ppm 1.08 (t, J = 6.0 Hz, 6H) 1.26 (s, 6H) 1.34 (s, 7H) 3.06–3.15 (m, 
1H) 3.38 (d, J = 4.6 Hz, 1H) 3.47 (s, 2H) 3.56 (t, J = 9.2 Hz, 1H) 3.65 (d, J = 10.6 Hz, 1H) 3.81–3.88 
(m, 3H) 3.98 (s, 2H) 4.65 (d, J = 9.6 Hz, 1H) 6.34 (d, J = 16.1 Hz, 1H) 6.42 (s, 1H) 6.52 (d, J = 15.6 
Hz, 1H) 6.88 (s, 1H) 7.07 (d, J = 7.8 Hz, 2H) 7.23 (s, 1H) 7.30 (d, J = 6.4 Hz, 2H); 13C NMR (126 
MHz, CD3OD) δ ppm 23.9, 24.1, 24.2, 25.9, 30.7, 39.2, 46.5, 55.9, 56.5, 63.4, 69.8, 72.3, 75.9, 76.8, 
80.3, 82.5, 109.8, 126.2, 127.5, 129.9, 130.5, 130.8, 132.1, 135.0, 136.2, 142.9, 149.8, 158.7, 179.0; 








1H NMR (600 MHz, CD3OD) δ ppm 1.10 (d, J = 6.9 Hz, 6H) 1.27 (s, 7H) 1.34 (s, 6H) 2.31 (s, 3H) 
2.89–2.96 (m, 1H) 3.34 (s, 1H) 3.37–3.39 (m, 2H) 3.43–3.49 (m, 2H) 3.52–3.56 (m, 1H) 3.66–3.70 
(m, 1H) 3.81–3.90 (m, 3H) 4.46 (d, J = 9.6 Hz, 1H) 6.32–6.36 (m, 1H) 6.42 (s, 1H) 6.50 (d, J = 16.1 
Hz, 1H) 6.75 (d, J = 7.8 Hz, 1H) 6.80 (s, 1H) 6.96 (s, 1H) 7.07–7.12 (m, 1H) 7.23 (s, 1H); 13C NMR 
(126 MHz, CD3OD) δ ppm 20.0, 23.9, 24.1, 24.2, 26.0, 30.3, 36.3, 46.5, 55.9, 63.1, 69.8, 71.9, 75.5, 
79.2, 80.2, 82.4, 114.3, 124.0, 125.0, 129.1, 129.2, 130.2, 130.7, 131.8, 134.7, 136.2, 137.6, 140.8, 




Compound 56h (38% in 2 steps) was obtained from 55h and 43 in a manner similar to that described 
for 45a. 
1H NMR (600 MHz, CD3OD) δ ppm 1.12–1.17 (m, 6H) 1.27 (s, 5H) 1.34 (s, 5H) 2.32 (s, 3H) 2.96–
3.02 (m, 1H) 3.34–3.37 (m, 2H) 3.43–3.53 (m, 3H) 3.59–3.65 (m, 1H) 3.80–3.85 (m, 3H) 3.92 (s, 1H) 
4.61 (d, J = 9.6 Hz, 1H) 6.34 (d, J = 16.5 Hz, 1H) 6.42 (s, 1H) 6.50 (d, J = 16.5 Hz, 1H) 6.74 (d, J = 
7.8 Hz, 1H) 6.92 (s, 1H) 7.04–7.11 (m, 2H) 7.23 (s, 1H); MS ESI/APCI Dual m/z 600[M+H]+, 598[M-
H]-. 
 
Methyl N-(2,2-dimethylbut-3-enoyl)-2-methylalaninate (58) 
Oxalyl chloride (4.43 mL, 49.9 mmol) and N,N-dimethylformamide (3 drops) were added to a 
chloroform (250 mL) solution of 2,2-dimethyl-3-butenoic acid (41) (5.42 g, 47.5 mmol) in a nitrogen 
atmosphere, and the mixture was stirred for 1.5 hours at room temperature. The reaction mixture was 
cooled with ice, and triethylamine (19.9 mL, 143 mmol) and α-aminoisobutyric acid methyl ester 
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hydrochloride (57) (10.9 g, 71.2 mmol) were added; the mixture was then stirred for 1 hour at room 
temperature. Water was added to the reaction liquid, and the mixture was extracted with chloroform. 
Then, the organic layer was washed with 3 M hydrochloric acid, a saturated aqueous solution of 
sodium hydrogen carbonate, and a saturated saline solution and dried over anhydrous magnesium 
sulfate. The desiccant was filtered out, and the solvent was distilled off under reduced pressure. The 
resulting residue was purified using silica gel column chromatography (hexane→hexane:ethyl acetate 
ratio = 4:1) to obtain the titled compound as a colorless powder (9.38 g, 93%). 1H NMR (300 MHz, 
CDCl3) δ ppm 1.27 (s, 6 H) 1.51 (s, 6 H) 3.73 (s, 3 H) 5.17–5.32 (m, 2 H) 6.02 (dd, J = 17.6, 10.6 Hz, 
1 H) 6.25 (s, 1 H); MS ESI/APCI Dual m/z 214[M+H]+. 
 
N-(2,2-Dimethylbut-3-enoyl)-2-methylalanine (59) 
A 4 M aqueous solution of sodium hydroxide (16.5 mL, 66.0 mmol) was added to a methanol (20 
mL) solution of compound 58 (9.38 g. 43.9 mmol), and the mixture was stirred for 1 hour at room 
temperature. Then, the reaction mixture was concentrated. The resulting residue was dissolved in water, 
and the solution was neutralized by the addition of 3 M hydrochloric acid. The mixture was extracted 
twice with ethyl acetate, and the combined organic layer was washed with a saturated saline solution 
and dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was 
distilled off under reduced pressure to obtain the titled compound as a colorless powder (8.19 g, 94%). 
1H NMR (300 MHz, CDCl3) δ ppm 1.29 (s, 6 H) 1.54 (s, 6 H) 5.16–5.36 (m, 2 H) 6.01 (dd, J = 17.5, 




methylpropanoic acid (60a) 
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In an argon atmosphere, an acetonitrile (36 mL) suspension of compound 59 (1.20 g, 1.85 mmol), 
compound 55f (2.59 g, 13.0 mmol), palladium (II) acetate (44 mg, 0.19 mmol), tri-o-tolylphosphine 
(112 mg, 0.370 mmol), and triethylamine (1.30 mL, 9.25 mmol) was stirred for 30 minutes at 120°C 
under microwave irradiation. The reaction mixture was filtered using Celite (registered trademark) 
and washed with ethyl acetate. The filtrate was concentrated under reduced pressure, and the resulting 
residue was purified using neutral silica gel column chromatography 
(chloroform→chloroform:methanol ratio = 9:1) to obtain the titled compound as a partially purified 
product (1.5 g). The titled compound (1.5 g) was further purified using neutral silica gel column 
chromatography (hexane:ethyl acetate ratio = 7:3→2:8) to obtain the titled compound as a light-yellow 
amorphous substance (854 mg, 60%). 1H NMR (300 MHz, CDCl3) δ ppm 1.08 (d, J = 6.8 Hz, 3 H) 
1.12 (d, J = 6.8 Hz, 3 H) 1.38 (s, 6 H) 1.53 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 H) 2.05 (s, 6 H) 3.06 (quin, 
J = 6.6 Hz, 1 H) 3.78–3.83 (m, 1 H) 3.84 (s, 3 H) 3.97 (s, 2 H) 4.07–4.18 (m, 1 H) 4.17–4.27 (m, 1 H) 
4.87 (dd, J = 6.8, 2.9 Hz, 1 H) 5.16–5.25 (m, 1 H) 5.27–5.40 (m, 2 H) 6.18–6.33 (m, 2 H) 6.54 (d, J = 
16.5 Hz, 1 H) 6.77 (s, 1 H) 7.03 (d, J = 8.1 Hz, 2 H) 7.10 (s, 1 H) 7.29 (d, J = 8.1 Hz, 2 H); MS 




methylpropanoic acid (60b) 
Compound 60b (78%) was obtained from 55g and 59 in a manner similar to that described for 60a. 
1H NMR (300 MHz, CDCl3) δ ppm 1.16, 1.18 (each d, J = 6.84 Hz, 3 H) 1.40 (s, 6 H) 1.54–1.58 (m, 
6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.28 (s, 3 H) 2.36 (s, 3 H) 2.98–3.10 (m, 1 
H) 3.71–3.79 (m, 1 H) 3.94 (s, 2 H) 4.01–4.08 (m, 1 H) 4.24 (dd, J = 12.4, 4.5 Hz, 1 H) 4.47 (d, J = 
9.2 Hz, 1 H) 5.07-5.32 (m, 3 H) 6.31 (d, J = 16.3 Hz, 1 H) 6.35 (s, 1 H) 6.55 (d, J = 16.3 Hz, 1 H) 6.77 
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(d, J = 7.6 Hz, 1 H) 6.92 (s, 1 H) 6.99 (s, 1 H) 7.12–7.18 (m, 1 H) 7.26 (s, 1 H); MS ESI/APCI Dual 




enoyl]amino}-2-methylpropanoic acid (60c) 
Compound 60c (87%) was obtained from 55h and 59 in a manner similar to that described for 60a. 
1H NMR (300 MHz, CDCl3) δ ppm 1.17, 1.14 (each d, J = 7.0 Hz, 3 H) 1.38 (s, 6 H) 1.55 (s, 6 H) 1.76 
(s, 3 H) 1.98 (s, 3 H) 2.04 (s, 6 H) 2.30 (s, 3 H) 2.94–3.03 (m, 1 H) 3.76–3.83 (m, 1 H) 3.84–3.95 (m, 
4 H) 4.06–4.15 (m, 1 H) 4.16–4.25 (m, 1 H) 4.81 (d, J = 9.8 Hz, 1 H) 5.12–5.20 (m, 1 H) 5.23–5.35 
(m, 2 H) 6.29 (s, 1H) 6.31 (d, J = 16.3 Hz, 1 H) 6.52 (d, J = 16.3 Hz, 1 H) 6.67 (d, J = 8.1 Hz, 1 H) 






WSCI·HCl (37.0 mg, 0.20 mmol) was added to a chloroform (1.5 mL)/N,N-dimethylformamide (1.5 
mL) solution of compound 60a (100 mg, 0.130 mmol), 1-hydroxybenzotriazole monohydrate 
(HOBt·H2O) (30 mg, 0.20 mmol), and N,N-dimethylethylenediamine (42 µL, 0.39 mmol), and the 
mixture was stirred overnight at room temperature. The reaction mixture was poured into water, and 
the mixture was extracted twice with ethyl acetate. The combined organic layer was washed with a 
saturated saline solution and dried over anhydrous magnesium sulfate. The desiccant was filtered out, 
and the solvent was distilled off under reduced pressure. The resulting residue was purified using 
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neutral silica gel column chromatography (hexane:ethyl acetate = 7:3→2:8) to obtain the titled 
compound as a colorless amorphous substance (103 mg, 94%). 1H NMR (300 MHz, CDCl3) δ ppm 
1.05 (d, J = 6.8 Hz, 3 H) 1.10 (d, J = 6.8 Hz, 3 H) 1.38 (s, 6 H) 1.49 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 
H) 2.05 (s, 3 H) 2.06 (s, 3 H) 2.46 (s, 6 H) 2.64–2.78 (m, 2 H) 3.04 (sept, J = 6.8 Hz, 1 H) 3.38–3.49 
(m, 2 H) 3.78-3.83 (m, 1 H) 3.85 (s, 3 H) 3.87–4.04 (m, 2 H) 4.08–4.18 (m, 1 H) 4.18–4.30 (m, 1 H) 
4.87 (d, J = 9.5 Hz, 1 H) 5.16–5.27 (m, 1 H) 5.28–5.44 (m, 2 H) 6.35 (s, 1 H) 6.40–6.57 (m, 2 H) 6.77 
(s, 1 H) 7.01 (d, J = 8.2 Hz, 2 H) 7.13 (s, 1 H) 7.32 (d, J = 8.2 Hz, 2 H) 7.40 (s, 1 H); MS ESI/APCI 





Compound 61e (55%) was obtained from 60a and piperazine in a manner similar to that described 
for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.06 (d, J = 6.6 Hz, 3 H) 1.11 (d, J = 6.6 Hz, 3 H) 1.35 
(s, 6 H) 1.77 (s, 6 H) 2.00 (s, 3 H) 2.04 (s, 3 H) 2.06 (s, 3 H) 2.25 (s, 2 H) 2.78–2.88 (m, 4 H) 2.96–
3.12 (m, 1 H) 3.55–3.65 (m, 4 H) 3.78–3.88 (m, 1 H) 3.85 (s, 3 H) 3.88–4.04 (m, 2 H) 4.09–4.18 (m, 
1 H) 4.20–4.30 (m, 1 H) 4.88 (d, J = 9.5 Hz, 1 H) 5.15-5.27 (m, 1 H) 5.28–5.44 (m, 2 H) 6.22–6.33 
(m, 1 H) 6.41–6.55 (m, 1 H) 6.72–6.85 (m, 2 H) 6.96–7.06 (m, 2 H) 7.14 (s, 1 H) 7.23–7.32 (m, 2 H); 





Compound 61f (95%) was obtained from 60a and 1-methylpiperazine in a manner similar to that 
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described for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.05 (d, J = 6.8 Hz, 3 H) 1.10 (d, J = 6.8 Hz, 3 
H) 1.36 (s, 6 H) 1.59 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 H) 2.05 (s, 3 H) 2.06 (s, 3 H) 2.26 (s, 3 H) 2.32–
2.40 (m, 4 H) 2.96–3.12 (m, 1 H) 3.59–3.71 (m, 4 H) 3.79–3.84 (m, 1 H) 3.85 (s, 3 H) 3.90–4.05 (m, 
2 H) 4.10–4.16 (m, 1 H) 4.21–4.28 (m, 1 H) 4.87 (d, J = 9.6 Hz, 1 H) 5.16–5.27 (m, 1 H) 5.29–5.44 
(m, 2 H) 6.28 (d, J = 16.4 Hz, 1 H) 6.49 (d, J = 16.4 Hz, 1 H) 6.77 (s, 1 H) 6.83 (s, 1 H) 7.01 (d, J = 





Compound 61g (61%) was obtained from 60b and N,N-dimethylethylenediamine in a manner similar 
to that described for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.13, 1.15 (each d, J = 6.9 Hz, each 3 
H) 1.38 (s, 6 H) 1.53 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.23 (s, 6 H) 2.31 
(s, 3 H) 2.37 (s, 3 H) 2.41 (t, J = 5.7 Hz, 2 H) 2.90–3.03 (m, 1 H) 3.25–3.34 (m, 2 H) 3.71–3.80 (m, 1 
H) 3.92 (s, 2 H) 4.05 (dd, J = 12.6, 2.2 Hz, 1 H) 4.23–4.32 (m, 1 H) 4.44–4.52 (m, 1 H) 5.11–5.20 (m, 
1 H) 5.22–5.33 (m, 2 H) 6.33 (d, J = 16.6 Hz, 1 H) 6.41 (s, 1 H) 6.51 (d, J = 16.6 Hz, 1 H) 6.68 (d, J 
= 7.8 Hz, 1 H) 6.77 (s, 1 H) 7.00 (s, 2 H) 7.12 (d, J = 7.8 Hz, 1 H) 7.26 (s, 1 H); MS ESI/APCI Dual 





Compound 61h (47%) was obtained from 60b and piperazine in a manner similar to that described 
for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.14, 1.16 (each d, J = 7.0 Hz, each 3 H) 1.38 (s, 6 H) 
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1.61 (s, 6 H) 1.71 (s, 3 H) 1.99 (s, 3 H) 2.05 (s, 3 H) 2.12 (s, 3 H) 2.27 (s, 3 H) 2.79–2.87 (m, 4 H) 
2.87–2.99 (m, 1 H) 3.56–3.66 (m, 4 H) 3.75–3.94 (m, 3 H) 4.12–4.20 (m, 1 H) 4.25–4.34 (m, 1 H) 
4.44–4.52 (m, 1 H) 5.23–5.32 (m, 3 H) 6.30 (d, J = 16.3 Hz, 1 H) 6.48 (d, J = 16.3 Hz, 1 H) 6.53 (s, 1 
H) 6.68 (d, J = 7.8 Hz, 1 H) 6.88 (s, 1 H) 6.97 (s, 1 H) 7.05–7.12 (m, 1 H) 7.22 (s, 1 H); MS ESI/APCI 





Compound 61i (61%) was obtained from 60b and 1-methylpiperazine in a manner similar to that 
described for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.13, 1.15 (each d, J = 6.8 Hz, each 3 H) 1.37 
(s, 6 H) 1.60 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.27 (s, 3 H) 2.30 (s, 3 H) 
2.33–2.41 (m, 7 H) 2.88–3.04 (m, 1 H) 3.60–3.70 (m, 4 H) 3.72–3.80 (m, 1 H) 3.92 (s, 2 H) 4.05 (dd, 
J = 12.6, 2.3 Hz, 1 H) 4.27 (dd, J = 12.6, 4.5 Hz, 1 H) 4.43-4.54 (m, 1 H) 5.10–5.20 (m, 1 H) 5.22–
5.32 (m, 2 H) 6.31 (d, J = 16.5 Hz, 1 H) 6.49 (d, J = 16.5 Hz, 1 H) 6.68 (d, J = 8.1 Hz, 1 H) 6.86 (s, 1 





Compound 61j (21%) was obtained from 60b and 1,2-diamino-2-methylpropane in a manner similar 
to that described for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.11–1.17 (m, 6 H) 1.11 (s, 6 H) 1.39 (s, 
6 H) 1.53 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.31 (s, 3 H) 2.37 (s, 3 H) 2.89–
3.05 (m, 1 H) 3.14 (d, J = 5.9 Hz, 2 H) 3.76 (ddd, J = 9.7, 4.5, 2.1 Hz, 1 H) 3.93 (s, 2 H) 4.05 (dd, J = 
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12.5, 2.1 Hz, 1 H) 4.27 (dd, J = 12.5, 4.5 Hz, 1 H) 4.49 (d, J = 7.5 Hz, 1 H) 5.11–5.20 (m, 1 H) 5.23–
5.31 (m, 2 H) 6.26 (s, 1 H) 6.29–6.38 (m, 1 H) 6.48–6.57 (m, 1 H) 6.69 (d, J = 7.9 Hz, 1 H) 6.97–7.03 





Compound 61k (74%) was obtained from 60c and N,N-dimethylethylenediamine in a manner similar 
to that described for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.12, 1.14 (each d, J = 6.8 Hz, each 3 
H) 1.37 (s, 6 H) 1.51 (s, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.04 (s, 3 H) 2.23 (s, 6 H) 2.32 
(s, 3 H) 2.41 (t, J = 6.2 Hz, 2 H) 2.86–2.99 (m, 1 H) 3.25–3.33 (m, 2 H) 3.76–3.90 (m, 6 H) 4.07–4.15 
(m, 1 H) 4.18–4.26 (m, 1 H) 4.76–4.85 (m, 1 H) 5.13–5.22 (m, 1 H) 5.26–5.36 (m, 2 H) 6.31 (d, J = 
16.5 Hz, 1 H) 6.37 (s, 1 H) 6.50 (d, J = 16.5 Hz, 1 H) 6.61–6.67 (m, 1 H) 6.81 (s, 1 H) 6.99 (s, 1 H) 





Compound 61l (38%) was obtained from 60c and piperazine in a manner similar to that described 
for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.12, 1.14 (each d, J = 7.0 Hz, each 3 H) 1.37 (s, 6 H) 
1.58 (s, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.04 (s, 3 H) 2.32 (s, 3 H) 2.79–2.86 (m, 4 H) 
2.88–2.99 (m, 1 H) 3.57–3.64 (m, 4 H) 3.76–3.95 (m, 6 H) 4.07–4.14 (m, 1 H) 4.18–4.26 (m, 1 H) 
4.77–4.84 (m, 1 H) 5.13–5.22 (m, 1 H) 5.26–5.37 (m, 2 H) 6.29 (d, J = 16.2 Hz, 1 H) 6.49 (d, J = 16.2 
Hz, 1 H) 6.64 (d, J = 7.9 Hz, 1 H) 6.77–6.83 (m, 2 H) 6.99 (s, 1 H) 7.05–7.11 (m, 1 H) 7.22 (s, 1 H); 
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Compound 61m was obtained as a crude product from 60c and 1-methylpiperazine in a manner 
similar to that described for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.12 (d, J = 8.5 Hz, 3 H) 1.15 (d, 
J = 8.5 Hz, 3 H) 1.36 (s, 6 H) 1.56 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 6 H) 2.30 (s, 3 H) 2.32 
(s, 3 H) 2.38–2.50 (m, 4 H) 2.85–3.02 (m, 1 H) 3.61–3.74 (m, 4 H) 3.76–3.84 (m, 1 H) 3.81–3.96 (m, 
1 H) 3.86 (s, 3 H) 4.07–4.15 (m, 1 H) 4.18–4.27 (m, 1 H) 4.75–4.88 (m, 1 H) 5.11–5.24 (m, 1 H) 5.26–
5.37 (m, 2 H) 6.22–6.38 (m, 1 H) 6.43–6.54 (m, 1 H) 6.59–6.70 (m, 2 H) 6.81 (s, 1 H) 6.96–7.02 (m, 





Compound 61n (99%) was obtained from 60c and 1,2-diamino-2-methylpropane in a manner similar 
to that described for 61d. 1H NMR (300 MHz, CDCl3) δ ppm 1.10 (s, 6 H) 1.12 (d, J = 6.8 Hz, 3 H) 
1.14 (d, J = 6.8 Hz, 3 H) 1.36 (s, 6 H) 1.56 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 6 H) 2.30 (s, 3 
H) 2.85–3.02 (m, 1 H) 3.13 (d, J = 5.91 Hz, 2 H) 3.76–3.84 (m, 1 H) 3.81–3.96 (m, 1 H) 3.86 (s, 3 H) 
4.07–4.15 (m, 1 H) 4.18–4.27 (m, 1 H) 4.75–4.88 (m, 1 H) 5.11–5.24 (m, 1 H) 5.26–5.37 (m, 2 H) 
6.22–6.38 (m, 1 H) 6.43–6.54 (m, 1 H) 6.59–6.70 (m, 1 H) 6.81 (s, 1 H) 6.96–7.02 (m, 2 H) 7.04–7.12 







A triethylamine/water/methanol mixture (1/1/5, 2.5 mL) was added to compound 61d (103 mg, 0.12 
mmol). The reaction mixture was stirred for 17 hours at room temperature, and the solvent was distilled 
off under reduced pressure. The resulting residue was purified using neutral silica gel column 
chromatography (chloroform→chloroform:methanol ratio = 8:2) to obtain the titled compound as a 
colorless amorphous substance (62.1 mg, 75%). mp = 111°C, 1H NMR (600 MHz, CD3OD) δ ppm 
1.07 (d, J = 5.0 Hz, 3 H) 1.09 (d, J = 5.0 Hz, 3 H) 1.36 (s, 6 H) 1.44 (s, 6 H) 2.23 (s, 6 H) 2.41 (t, J = 
6.9 Hz, 2 H) 3.10 (quin, J = 6.8 Hz, 1 H) 3.26 – 3.30 (m, 2 H) 3.38 (d, J = 6.0 Hz, 2 H) 3.45 – 3.52 
(m, 1 H) 3.54 – 3.60 (m, 1 H) 3.62 – 3.69 (m, 1 H) 3.79 – 3.89 (m, 4 H) 3.99 (s, 2 H) 4.65 (d, J = 9.6 
Hz, 1 H) 6.39 (d, J = 16.5 Hz, 1 H) 6.52 (d, J = 16.5 Hz, 1 H) 6.88 (s, 1 H) 7.07 (d, J = 8.3 Hz, 2 H) 
7.23 (s, 1 H) 7.31 (d, J = 8.3 Hz, 2 H); 13C NMR (126 MHz, CD3OD) δ ppm 24.1, 25.3, 25.7, 30.7, 
38.4, 39.3, 45.6, 46.1, 56.5, 58.1, 59.2, 63.4, 72.3, 75.9, 76.9, 80.3, 82.6, 109.8, 126.3, 127.5, 129.9, 
130.4, 130.8, 132.1, 134.8, 136.3, 142.8, 149.8, 158.7, 177.2, 178.4; IR (KBr) ν~ = 3370, 2962, 2868, 
1660, 1506, 1463, 1364, 1278, 1207, 1087, 1040 cm-1; HRMS ESI/APCI Dual m/z: 670.4057 [M+H]+  





Sodium methoxide (4.88 M/MeOH, 10 µL) was added to a solution of compound 61e (90 mg, 0.11 
mmol) in methanol (2.0 mL), and the mixture was stirred at room temperature for 1 hour. A small 
amount of dry ice was added to neutralize the reaction mixture, and the solvent was distilled off under 
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reduced pressure. The resulting residue was purified using NH-type silica gel column chromatography 
(chloroform:methanol ratio = 9:1 → 6:4) to obtain the titled compound as a colorless amorphous 
substance (52 mg, 70%). 1H NMR (600 MHz, CD3OD) δ ppm 1.06 (d, J = 6.8 Hz, 3 H) 1.07 (d, J = 
6.8 Hz, 3 H) 1.34 (s, 6 H) 1.42 (s, 6 H) 2.67 (s, 4 H) 3.04–3.12 (m, 1 H) 3.27–3.30 (m, 2 H) 3.33–3.38 
(m, 2 H) 3.43–3.49 (m, 1 H) 3.50–3.61 (m, 3 H) 3.61–3.66 (m, 1 H) 3.80 (s, 3 H) 3.83 (d, J = 11.9 Hz, 
1 H) 3.92–4.00 (m, 2 H) 4.63 (d, J = 9.6 Hz, 1 H) 6.33–6.39 (m, 1 H) 6.44–6.49 (m, 1 H) 6.86 (s, 1 H) 
7.06 (d, J = 8.3 Hz, 2 H) 7.21 (s, 1 H) 7.27 (d, J = 8.3 Hz, 2 H); 13C NMR (126 MHz, CD3OD) δ ppm 
24.1, 24.2, 25.7, 26.3, 30.7, 39.2, 45.7, 46.6, 56.5, 58.1, 63.4, 72.3, 75.9, 76.8, 80.3, 82.6, 109.7, 126.3, 
127.4, 130.0, 130.2, 130.8, 132.0, 134.7, 136.2, 142.9, 149.7, 158.7, 173.8, 177.8; HRMS ESI/APCI 





Compound 62f (84%) was obtained from 61f in a manner similar to that described for 62d. 
1H NMR (600 MHz, CD3OD) δ ppm 1.07 (d, J = 6.7 Hz, 3 H) 1.05 (d, J = 6.7 Hz, 3 H) 1.36 (s, 6 H) 
1.45 (s, 6 H) 2.14 (s, 3 H) 2.29 (s, 4 H) 3.06–3.16 (m, 1 H) 3.34–3.42 (m, 2 H) 3.46–3.52 (m, 1 H) 
3.51–3.73 (m, 6 H) 3.79–3.91 (m, 4 H) 3.98 (s, 2 H) 4.65 (d, J = 9.6 Hz, 1 H) 6.38 (d, J = 16.1 Hz, 1 
H) 6.48 (d, J = 16.1 Hz, 1 H) 6.88 (s, 1 H) 7.08 (d, J = 8.3 Hz, 2 H) 7.23 (s, 1 H) 7.29 (d, J = 8.3 Hz, 
2 H); 13C NMR (126 MHz, CD3OD) δ ppm 24.1, 24.2, 25.7, 26.3, 30.7, 39.2, 45.7, 46.1, 55.9, 56.5, 
58.1, 63.4, 72.3, 75.9, 76.8, 80.3, 82.6, 109.8, 126.3, 127.5, 130.0, 130.1, 130.8, 132.0, 134.8, 136.2, 
143.0, 149.7, 158.7, 173.8, 177.8; HRMS ESI/APCI Dual m/z: 682.4047 [M+H]+  ( calcd for 







Compound 62g (80%) was obtained from 61g in a manner similar to that described for 62e. 
1H NMR (600 MHz, CD3OD) δ ppm 1.10 (d, J = 6.92 Hz, 6 H) 1.36 (s, 6 H) 1.45 (s, 6 H) 2.23 (s, 6 
H) 2.31 (s, 3 H) 2.40 (t, J = 6.9 Hz, 2 H) 2.87–2.96 (m, 1 H) 3.28 (t, J = 6.7 Hz, 2 H) 3.34–3.41 (m, 2 
H) 3.43–3.50 (m, 1 H) 3.51–3.57 (m, 1 H) 3.67 (dd, J = 12.2, 2.5 Hz, 1 H) 3.84 (d, J = 11.5 Hz, 1 H) 
3.89 (s, 2 H) 4.47 (d, J = 9.6 Hz, 1 H) 6.39 (d, J = 16.1 Hz, 1 H) 6.50 (d, J = 16.1 Hz, 1 H) 6.75 (d, J 
= 8.3 Hz, 1 H) 6.80 (s, 1 H) 6.97 (s, 1 H) 7.11 (d, J = 7.8 Hz, 1 H) 7.25 (s, 1 H); 13C NMR (126 MHz, 
CD3OD) δ ppm 20.0, 24.1, 24.2, 25.2, 25.7, 30.3, 36.3, 38.2, 45.5, 46.0, 58.1, 59.2, 63.1, 71.9, 75.6, 
79.1, 80.2, 82.4, 114.3, 124.0, 125.1, 129.1, 129.2, 130.2, 130.6, 131.8, 134.5, 136.3, 137.6, 149.6, 





Compound 62h (47%) was obtained from 61h in a manner similar to that described for 62e. 
1H NMR (600 MHz, CD3OD) δ ppm 1.10 (d, J = 6.4 Hz, 6 H) 1.36 (s, 6 H) 1.44 (s, 6 H) 2.31 (s, 3 H) 
2.70 (s, 4 H) 2.90–2.95 (m, 1 H) 3.36–3.39 (m, 2 H) 3.43–3.61 (m, 7 H) 3.65–3.69 (m, 1 H) 3.84 (d, J 
= 11.9 Hz, 1 H) 3.88 (s, 2 H) 4.46 (d, J = 9.6 Hz, 1 H) 6.38 (d, J = 16.1 Hz, 1 H) 6.47 (d, J = 16.1 Hz, 
1 H) 6.76 (d, J = 7.8 Hz, 1 H) 6.80 (s, 1 H) 6.95 (s, 1 H) 7.10 (d, J = 7.3 Hz, 1 H) 7.22 (s, 1 H); 13C 
NMR (126 MHz, CD3OD) δ ppm 20.0, 24.1, 24.2, 25.8, 26.3, 30.3, 36.3, 45.7, 46.6, 58.1, 63.1, 71.9, 
75.6, 79.1, 80.2, 82.5, 114.3, 124.0, 124.9, 129.1, 129.2, 130.3, 130.3, 131.7, 134.5, 136.3, 137.6, 
140.9, 149.6, 155.7, 173.9, 177.8; HRMS ESI/APCI Dual m/z: 668.3900 [M+H]+  (calcd for 
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Compound 62i (79%) was obtained from 61i in a manner similar to that described for 62e. 
1H NMR (600 MHz, CD3OD) δ ppm 1.10 (d, J = 6.9 Hz, 6 H) 1.37 (s, 6 H) 1.44 (s, 6 H) 2.16 (s, 3 H) 
2.22–2.38 (m, 7 H) 2.87–2.96 (m, 1 H) 3.35–3.41 (m, 2 H) 3.42–3.51 (m, 2 H) 3.51–3.56 (m, 1 H) 
3.56–3.71 (m, 5 H) 3.84 (d, J = 12.4 Hz, 1 H) 3.88 (s, 2 H) 4.47 (d, J = 9.6 Hz, 1 H) 6.38 (d, J = 16.5 
Hz, 1 H) 6.46 (d, J = 16.5 Hz, 1 H) 6.75 (d, J = 8.3 Hz, 1 H) 6.80 (s, 1 H) 6.97 (s, 1 H) 7.09 (d, J = 8.3 
Hz, 1 H) 7.22 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.0, 24.1, 24.2, 25.7, 26.3, 30.3, 36.3, 
45.7, 46.1, 55.9, 58.1, 63.1, 71.9, 75.6, 79.1, 80.2, 82.5, 114.3, 124.1, 125.0, 129.1, 129.2, 130.2, 130.3, 
131.8, 134.6, 136.2, 137.6, 140.9, 149.6, 155.7, 173.8, 177.8; HRMS ESI/APCI Dual m/z: 682.4065 





Compound 62j (98%) was obtained from 61j in a manner similar to that described for 62e. 
1H NMR (600 MHz, CD3OD) δ ppm 1.02 (s, 6 H) 1.05–1.10 (m, 6 H) 1.35 (s, 6 H) 1.44 (s, 6 H) 2.29 
(s, 3 H) 2.85–2.93 (m, 1 H) 3.09 (s, 1 H) 3.27–3.30 (m, 1 H) 3.34–3.39 (m, 2 H) 3.42–3.47 (m, 1 H) 
3.52 (t, J = 9.4 Hz, 1 H) 3.55–3.61 (m, 1 H) 3.63–3.69 (m, 1 H) 3.80–3.85 (m, 1 H) 3.86 (s, 2 H) 4.46 
(d, J = 9.6 Hz, 2 H) 6.35–6.41 (m, 1 H) 6.44–6.51 (m, 1 H) 6.73 (d, J = 7.8 Hz, 1 H) 6.78 (s, 1 H) 6.96 
(s, 1 H) 7.06–7.10 (m, 1 H) 7.23 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.0, 24.1, 24.2, 25.3, 
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25.8, 26.5, 30.3, 36.3, 46.0, 50.7, 53.9, 58.2, 63.1, 71.9, 75.6, 79.1, 80.2, 82.4, 114.3, 124.0, 125.1, 
129.1, 130.2, 130.6, 131.8, 134.3, 136.2, 137.5, 140.9, 149.6, 155.7, 177.8, 178.9; HRMS ESI/APCI 





Compound 62k (78%) was obtained from 61k in a manner similar to that described for 62e. 
1H NMR (600 MHz, CD3OD) δ ppm 1.13, 1.15 (each d, J = 6.8 Hz, each 3 H) 1.36 (s, 6 H) 1.45 (s, 6 
H) 2.21 (s, 6 H) 2.32 (s, 3 H) 2.39 (t, J = 6.9 Hz, 2 H) 2.93–3.02 (m, 1 H) 3.24–3.39 (m, 4 H) 3.42–
3.48 (m, 1 H) 3.49–3.54 (m, 1 H) 3.58–3.65 (m, 1 H) 3.80–3.87 (m, 4 H) 3.91 (s, 2 H) 4.61 (d, J = 9.6 
Hz, 1 H) 6.39 (d, J = 16.5 Hz, 1 H) 6.50 (d, J = 16.1 Hz, 1 H) 6.73 (d, J = 7.3 Hz, 1 H) 6.92 (s, 1 H) 
7.08 (s, 1 H) 7.10 (d, J = 7.8 Hz, 1 H) 7.25 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.0, 24.1, 
24.2, 25.3, 25.7, 30.7, 36.4, 38.4, 45.6, 46.1, 56.5, 58.1, 59.2, 63.5, 72.3, 75.8, 77.0, 80.3, 82.5, 109.7, 
125.1, 126.3, 129.2, 130.1, 130.2, 130.6, 131.8, 134.6, 136.4, 137.6, 140.6, 149.8, 158.6, 177.3, 178.4; 





Compound 62l (94%) was obtained from 61l in a manner similar to that described for 62e. 
1H NMR (600 MHz, CD3OD) δ ppm 1.14, 1.16 (each d, J = 6.4Hz, each 3 H) 1.36 (s, 6 H) 1.44 (s, 6 
H) 2.32 (s, 3 H) 2.69 (s, 4 H) 2.95–3.03 (m, 1 H) 3.28–3.38 (m, 2 H) 3.42–3.52 (m, 2 H) 3.53 –3.65 
(m, 5 H) 3.80–3.84 (m, 1 H) 3.84 (s, 3 H) 3.92 (s, 2 H) 4.61 (d, J = 9.2 Hz, 1 H) 6.39 (d, J = 16.1 Hz, 
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1 H) 6.47 (d, J = 16.1 Hz, 1 H) 6.74 (d, J = 7.8 Hz, 1 H) 6.92 (s, 1 H) 7.06 (s, 1 H) 7.10 (d, J = 7.8 Hz, 
1 H) 7.22 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.0, 24.1, 24.2, 25.7, 25.8, 26.3, 30.7, 36.3, 
45.7, 46.6, 56.5, 58.1, 63.4, 72.3, 75.8, 76.9, 80.3, 82.5, 109.7, 124.9, 126.3, 129.2, 130.2, 130.3, 130.3, 
131.7, 134.5, 136.3, 137.7, 140.7, 149.7, 158.6, 173.9, 177.8; HRMS ESI/APCI Dual m/z: 682.4041 





Compound 62m (9% in 2 steps) was obtained from 61m in a manner similar to that described for 
62e. 
1H NMR (600 MHz, CD3OD) δ ppm 1.09–1.16 (m, 6 H) 1.35 (s, 6 H) 1.42 (s, 6 H) 2.12–2.16 (m, 3 
H) 2.23–2.33 (s, 4 H) 2.30 (s, 3 H) 2.92–3.01 (m, 1 H) 3.28 (s, 2 H) 3.30–3.38 (m, 1 H) 3.41–3.51 (m, 
2 H) 3.55–3.66 (m, 5 H) 3.78–3.86 (m, 4 H) 3.90 (s, 2 H) 4.59 (d, J = 9.2 Hz, 1 H) 6.33–6.39 (m, 1 H) 
6.42–6.47 (m, 1 H) 6.72 (d, J = 7.8 Hz, 1 H) 6.90 (s, 1 H) 7.04–7.11 (m, 2 H) 7.19–7.24 (m, 1 H); 13C 
NMR (126 MHz, CD3OD) δ ppm 20.0, 24.1, 24.2, 25.7, 26.3, 30.7, 36.3, 45.7, 46.1, 55.9, 56.5, 58.1, 
63.4, 72.3, 75.8, 76.9, 80.3, 82.5, 109.7, 125.0, 126.3, 129.1, 130.2, 130.2, 130.3, 131.7, 134.6, 136.3, 
137.6, 140.7, 149.7, 158.6, 173.8, 177.8; HRMS ESI/APCI Dual m/z: 696.4203 [M+H]+  ( calcd for 





Compound 62n (65%) was obtained from 61n in a manner similar to that described for 62e. 
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1H NMR (600 MHz, CD3OD) δ ppm 1.01 (s, 6 H) 1.09 - 1.15 (m, 6 H) 1.35 (s, 6 H) 1.43 (s, 6 H) 2.31 
(s, 3 H) 2.91–3.00 (m, 1 H) 3.08 (s, 2 H) 3.27–3.36 (m, 5 H) 3.41–3.46 (m, 1 H) 3.47–3.52 (m, 1 H) 
3.60 (dd, J = 11.9, 6.0 Hz, 1 H) 3.80- 3.84 (m, 4 H) 3.90 (s, 2 H) 4.59 (d, J = 9.6 Hz, 1 H) 6.36 - 6.41 
(m, 1 H) 6.45 - 6.50 (m, 1 H) 6.71 (d, J = 7.8 Hz, 1 H) 6.90 (s, 1 H) 7.06 (s, 1 H) 7.07 - 7.10 (m, 1 H) 
7.20 - 7.25 (m, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.0, 24.0, 24.2, 25.3, 25.8, 27.3, 30.7, 
36.4, 46.0, 51.7, 52.5, 56.5, 58.2, 63.4, 72.3, 75.8, 77.0, 80.3, 82.5, 109.7, 125.1, 126.3, 129.2, 130.1, 
130.2, 130.6, 131.8, 134.5, 136.3, 137.5, 140.6, 149.8, 158.6, 177.7, 178.6; HRMS ESI/APCI Dual 
m/z: 684.4198 [M+H]+  (calcd for C38H57N3O8 684.4218).  
 
1,5-Dibromo-2-(methoxymethoxy)-4-(propan-2-yl)benzene (64) 
A solution of bromine (469 g, 2.94 mol) in acetic acid (320 mL) was added dropwise over 1 minute 
at room temperature to a solution of 3-isopropylphenol (48) (160 g, 1.18 mol) in acetic acid (1.6 L) 
and stirred for 1 hour so that the internal temperature did not exceed 19°C. After addition of toluene 
(1.6 L), the mixture was ice-cooled, and a 10% aqueous sodium sulfite solution (1.0 L) was added 
dropwise so as not to exceed an internal temperature of 20°C. The organic layer was separated, washed 
twice with 10% aqueous sodium sulfite solution (1.0 L) and 10% brine (1.0 L), and then dried over 
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure to 
give 2,4-dibromo-5-isopropylphenol (342 g, 99%) in the form of a pale yellow oil. N,N-
diisopropylethylamine (364 mL, 2.09 mol) was added to a solution of 2,4-dibromo-5-isopropylphenol 
(512 g, 1.74 mol) in chloroform (1.74 L), and the mixture was ice-cooled. Chloromethyl methyl ether 
(159 mL, 2.09 mol) was added dropwise over a 1-hour period, and the solution was stirred at room 
temperature for 1 hour. The reaction solution was then ice-cooled, and after addition of 1 M aqueous 
sodium hydroxide solution (1.5 L) dropwise, the organic layer was separated, washed with 1 M 
aqueous sodium hydroxide solution (1.5 L) and water (1.5 L), and dried over anhydrous magnesium 
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sulfate. After filtration, the filtrate was concentrated under reduced pressure. The residue obtained was 
purified by distillation under reduced pressure (0.93 to 1.5 hPa, 122°C. to 137°C.) to obtain the titled 
compound (548 g, 96%) in the form of a pale yellow oil. 
1 H NMR (300 MHz, CDCl3) δ ppm 1.22 (d, J = 6.8 Hz, 6 H), 3.28 (sept, J = 6.8 Hz, 1 H), 3.52 (s, 3 




A 2.69 M n-butyllithium hexane solution (231 mL, 0.621 mol) was added dropwise over 20 minutes 
to a tetrahydrofuran solution (2.84 L) of compound 64 (200 g, 0.592 mol) at −80°C to −76°C under 
an argon atmosphere, and stirred at the same temperature for 35 minutes. A solution of 2,3,4,6-tetra-
O-trimethylsilyl-D-glucono-1,5-lactone (34) (290 g, 0.621 mol) in tetrahydrofuran (800 mL) was then 
added dropwise over 55 minutes and stirred at the same temperature for 50 minutes. Next, 
trimethylchlorosilane (75.7 mL, 0.621 mol) was added dropwise over 15 minutes, and the mixture was 
stirred at the same temperature for 2 hours. Then, a 2.69 M n-butyllithium hexane solution (319 mL, 
0.858 mol) was added dropwise over 29 minutes, and the mixture was stirred at the same temperature 
for 40 minutes. Finally, a solution of 4-bromo-2-methylbenzaldehyde (37c) (130 g, 0.651 mol) in 
tetrahydrofuran (800 mL) was added dropwise over 54 minutes, and the mixture was stirred at the 
same temperature for 30 minutes. Water (2.85 L) was added to the reaction solution and warmed to 
room temperature. Toluene (2.0 L) was added, the organic layer was separated, and the solvent was 
evaporated under reduced pressure to yield crude compound 65 (546 g). Compound 65 (546 g) was 
dissolved in methanol (3.0 L), and after adding methanesulfonic acid (3.84 mL, 0.0592 mol), the 
mixture was refluxed for 1.5 hours. The reaction solution was then cooled to room temperature and 
neutralized with triethylamine (25 mL, 0.179 mol), and the reaction mixture was concentrated. The 
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concentrate was dissolved in toluene (1.0 L) and washed with water (0.5 L, 1.0 L), and after addition 
of a 1 M aqueous sodium hydroxide solution (0.6 L) and toluene (1.0 L) to the organic layer, the 
aqueous layer was separated and washed with toluene (1.0 L, 0.5 L). The aqueous layer was acidified 
by addition with 10% hydrochloric acid (0.7 L) and extracted with toluene (1.0 L), and the organic 
layer was separated. The organic layer was then washed with 10% brine (1.0 L) and water (0.5 L), and 
the solvent was evaporated under reduced pressure to yield a crude intermediate (314 g). The crude 
intermediate (314 g) was dissolved in pyridine (1.0 L), and after addition of acetic anhydride (0.8 L, 
8.51 mol) to the solution, the mixture was stirred at room temperature for 18 hours. The reaction 
solution was ice-cooled, and after addition of ice (1.5 L) and toluene (1.0 L), and the mixture was 
stirred for 3 hours. The aqueous layer was separated and extracted with toluene (1.0 L). The combined 
organic layer was then washed twice with 2 M hydrochloric acid (1.5 L), 5% aqueous sodium hydrogen 
carbonate solution (1.0 L), and 10% saline (1.0 L), and the solvent was distilled off under reduced 
pressure to yield compound 66 (350 g). Compound 66 (350 g) was dissolved in acetonitrile (3.4 L) 
and H2O (9.1 mL, 0.506 mol), and Et3SiH (328 mL, 2.05 mol) was added. The solution was cooled in 
an ice-bath, and TMSOTf (403 mL, 2.23 mol) was added dropwise over 85 minutes under ice-cooling. 
After stirring for 2 hours at the same temperature, a 3% aqueous sodium hydrogen carbonate solution 
(1.92 L) was added dropwise over 40 minutes, and after diluting the mixture with toluene (1.0 L) and 
stirring for 15 minutes, the organic layer was separated. The aqueous layer was extracted with toluene 
(1.5 L), and after washing the combined organic layer with saturated aqueous sodium hydrogen 
carbonate solution (1.5 L), the solvent was evaporated under reduced pressure to give the titled 
compound (392 g) in the form of a colorless liquid. 1H NMR (300 MHz, CDCl3) δ ppm 1.09 - 1.19 
(m, 6 H), 1.69 (s, 3 H), 1.99 (s, 3 H), 2.05 (s, 3 H), 2.12 (s, 3 H), 2.25 (s, 3 H), 2.80 - 2.97 (m, 1 H), 
3.66 - 3.96 (m, 3 H), 4.08 - 4.35 (m, 2 H), 4.42 - 4.57 (m, 1 H), 5.19 - 5.37 (m, 3 H), 6.52 (s, 1 H), 





Tert-butyl (2-amino-2-oxoethyl)(2-{[(benzyloxy)carbonyl]amino}ethyl)carbamate (70) 
Compound 68 (2.51 g, 10.9 mmol) was added to a solution of compound 69 (500 mg, 3.62 mmol) 
and N,N-diisopropylethylamine (1.84 mL) in ethanol solution (18 mL). The reaction solution was 
stirred at the room temperature for 18 hours. The reaction solution was evaporated under reduced 
pressure. The resulting residue was purified by performing silica gel column chromatography 
(chloroform: methanol ratio = 8:2) to obtain the colorless amorphous (1.6 g). Di-tert-butyl dicarbonate 
(4.04 g) and N,N-dimethyl-4-aminopyridine (440 mg) were added to a solution of obtained amorphous 
(1.55 g) in N,N-dimethylformamide solution (18 mL). The reaction solution was refluxed for 18 hours. 
The reaction solution was diluted with ethyl acetate. The organic layer was separated and washed with 
10% brine, and water. The solvent was evaporated under reduced pressure. The resulting residue was 
purified by performing silica gel column chromatography (hexane: ethyl acetate = 8: 2 to 5: 5) to 
obtain the titled compound (463 mg, 36% in 2 steps) as a colorless amorphous. 1H NMR (600 MHz, 
CDCl3) δ ppm 1.44 (s, 9H), 3.31 - 3.48 (m, 4H), 3.81 (s, 2H), 5.09 (br s, 2H), 7.28 - 7.44 (m, 5H); MS 
(ESI/APCI Dual) m/z: 374[M+Na]+. 
 
Tert-butyl (2-aminoethyl)(2-amino-2-oxoethyl)carbamate (71) 
7.5% Pd(OH)2/C (139 mg) was added to a solution of compound 70 (463 mg, 1.32 mmol) in methanol 
solution (13 mL) under hydrogen atomsphere. The reaction solution was stirred at the room 
temperature for 18 hours. The mixture was filtered through Celite®. The filtrate was evaporated under 
reduced pressure to give the titled compound (297 mg). 1H NMR (600 MHz, DMSO-d6) δ ppm 1.34 - 
1.43 (m, 9H), 2.85 - 2.94 (m, 2H), 3.17 (s, 1H), 3.37 - 3.47 (m, 2H), 3.78 (s, 2H), 7.08 - 7.88 (m, 5H); 





Under an argon atmosphere, a suspension of compound 55g (216 g, 0.312 mol), 2,2-dimethyl-3-
butenoic acid (41) (53.4 g, 0.467 mol), palladium (II) acetate (3.50 g, 15.6 mmol), tri-o-tolylphosphine 
(9.48 g, 31.2 mmol) and triethylamine (86.9 mL, 0.623 mol) in acetonitrile (623 mL) was heated to 
reflux for 3 hours. The reaction mixture was cooled to room temperature, diluted with chloroform (300 
mL) and methanol (100 mL), and filtered through Celite ®. The filtrate was concentrated under reduced 
pressure, and the resulting residue was dissolved in ethyl acetate (1.32 L). It was washed with 1M 
hydrochloric acid (0.96 L), 10% brine (1.2 L), and dried over anhydrous magnesium sulfate. After the 
desiccant was filtered off, ethyl acetate (1.2 L) was further added to the filtrate, isopropylamine (28.2 
mL, 0.327 mol) was added, and the mixture was stirred from room temperature to 0 ° C for 1 hour. 
The deposited precipitate was filtered to obtain an isopropylamine salt of intermediate. This salt was 
dissolved in ethyl acetate (1.2 L) and 1 M hydrochloric acid (500 mL) and stirred for 30 minutes, and 
the organic layer was separated. The organic layer was washed with 10% brine (500 mL) and dried 
over anhydrous magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off 
under reduced pressure to obtain the titled compound (207 g, 88%) as a colorless amorphous. 1H NMR 
(300 MHz, CDCl3) δ ppm 1.13 (d, J = 6.8 Hz, 3 H), 1.14 (d, J = 6.8 Hz, 3 H), 1.43 (s, 6 H), 1.76 (s, 3 
H), 1.99 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.28 (s, 3 H), 2.37 (s, 3 H), 2.98 (spt, J = 6.8 Hz, 1 H), 
3.70 - 3.80 (m, 1 H), 3.91 (s, 2 H), 4.05 (dd, J = 12.4, 2.2 Hz, 1 H), 4.28 (dd, J = 12.4, 4.4 Hz, 1 H), 
4.43 - 4.50 (m, 1 H), 5.11 - 5.20 (m, 1 H), 5.22 - 5.33 (m, 2 H), 6.33 - 6.49 (m, 2 H), 6.68 (d, J = 7.9 
Hz, 1 H), 6.96 (s, 1 H), 6.99 (s, 1 H), 7.06 - 7.14 (m, 1 H), 7.23 (d, J = 1.4 Hz, 1 H); MS (ESI/APCI 






Compound 71 (285 mg, 1.52 mmol), 1-hydroxy-1H-benzotriazole hydrate (205 mg), triethylamine 
(420 uL), water soluble carbodiimide hydrochloride (290 mg) were added to a solution of compound 
72 (731 mg, 1.01 mmol) in N,N-dimethylformamide solution (5 mL). The reaction solution was stirred 
at the room temperature for 18 hours. The reaction solution was diluted with ethyl acetate. The organic 
layer was separated and washed with 10% brine, and water. The solvent was evaporated under reduced 
pressure. The resulting residue was purified by performing silica gel column chromatography (hexane: 
ethyl acetate = 2: 1 to 1: 2) to obtain the crude compound (830 mg) as a colorless amorphous. 
Trifluoroacetic acid (1.2 mL) was added to a solution of obtained crude compound (830 mg) in 
chloroform solution (9 mL). The reaction solution was stirred at the room temperature for 18 hours. 
The solvent was evaporated under reduced pressure to give the crude compound (1.5 g). 4.88 M 
sodium methoxide (1.1 mL) was add to a solution of the crude compound (1.5g) in methanol solution 
(9 mL). The reaction solution was stirred at the room temperature for 3.5 hours. The solvent was 
evaporated under reduced pressure. The resulting residue was purified by performing NH silica gel 
column chromatography (ethanol: H2O = 9: 1 to 2: 1) to obtain the titled compound (652 mg, 76% in 
3 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.08 - 1.12 (m, 6 H), 1.37 (s, 
6 H), 2.30 (s, 3 H), 2.66 - 2.70 (m, 2 H), 2.90 - 2.96 (m, 1 H), 3.21 - 3.23 (m, 2 H), 3.27 - 3.30 (m, 2 
H), 3.37 - 3.40 (m, 2 H), 3.44 - 3.48 (m, 1 H), 3.52 - 3.56 (m, 1 H), 3.66 - 3.70 (m, 1 H), 3.82 - 3.86 
(m, 1 H), 3.88 (s, 2 H), 4.44 - 4.48 (m, 1 H), 6.33 - 6.39 (m, 1 H), 6.44 - 6.50 (m, 1 H), 6.73 - 6.78 (m, 
1 H), 6.80 (s, 1 H), 6.95 (s, 1 H), 7.08 - 7.12 (m, 1 H), 7.23 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ 
ppm 19.97, 24.09, 24.20, 25.95, 30.30, 36.31, 40.59, 45.92, 49.84, 52.34, 63.09, 71.89, 75.51, 79.17, 
80.17, 82.41, 114.28, 123.95, 125.04, 129.14, 129.24, 130.23, 130.26, 131.77, 134.72, 136.33, 137.54, 






Compound 73 (128 mg, 1.45 mmol) was added to a solution of componud 72 (1.00 g, 1.38 mmol) 
and 1,1'-carbonylbis-1H-imidazole (235 mg) in chloroform solution (5 mL). The reaction solution was 
stirred at the room temperature for 5 hours. The reaction mixture was twice with 10% K2CO3, and the 
organic layer was dried over MgSO4. The solvent was evaporated under reduced pressure. The 
resulting residue was purified by performing NH silica gel column chromatography (chloroform) to 
obtain the crude compound (0.7 g). To a solution of the crude compound (0.7g) in methanol solution 
(5 mL), 4.88M sodium methoxide (1.1 mL) was added. The reaction solution was stirred at the room 
temperature for 1 hours. After acetic acid (605 μL) was added, the solvent was evaporated under 
reduced pressure. The resulting residue was purified by performing NH silica gel column 
chromatography (ethyl acetate: ethanol: H2O = 30: 2: 1 to 10: 2: 1) to obtain the titled compound (399 
mg, 50% in 2 steps). 1H NMR (600 MHz, CD3OD) δ ppm 1.05 (s, 6H), 1.09 (d, J = 6.88 Hz, 6H), 1.39 
(s, 6H), 2.31 (s, 3H), 2.87 - 2.94 (m, 1H), 3.13 (s, 2H), 3.35 - 3.40 (m, 2H), 3.43 - 3.49 (m, 1H), 3.51 
- 3.56 (m, 1H), 3.65 - 3.71 (m, 1H), 3.82 - 3.89 (m, 3H), 4.47 (d, J = 9.63 Hz, 1H), 6.38 (d, J = 16.05 
Hz, 1H), 6.46 - 6.52 (m, 1H), 6.75 (d, J = 7.79 Hz, 1H), 6.80 (s, 1H), 6.96 (s, 1H), 7.10 (d, J = 7.79 





Compound 74 (0.20 g, 0.34 mmol) was addded to a solution of compound 69 (213 mg, 1.55 mmol) 
in N,N-dimethylformamide solution (1 mL). The reaction solution was stirred at 90 °C for 25 hours. 
The solvent was evaporated under reduced pressure. The resulting residue was purified by performing 
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HPLC column chromatography (Waters sunfine C-18, MeOH: 0.1%Et3N = 3: 7, 20 mL/min) to obtain 
the titled compound (49 mg, 22%). 1H NMR (600 MHz, CD3OD) δ ppm 1.07 - 1.14 (m, 6 H), 1.33 (s, 
6 H), 1.36 (s, 6 H), 2.31 (s, 3 H), 2.77 - 2.84 (m, 2 H), 2.90 - 2.96 (m, 1 H), 3.31 - 3.35 (m, 2 H), 3.37 
- 3.40 (m, 2 H), 3.44 - 3.48 (m, 1 H), 3.52 - 3.57 (m, 1 H), 3.66 - 3.70 (m, 1 H), 3.82 - 3.87 (m, 1 H), 
3.89 (s, 2 H), 4.44 - 4.48 (m, 1 H), 6.37 (d, J = 16.0 Hz, 1 H), 6.50 (d, J =16.0 Hz, 1 H), 6.74 - 6.78 
(m, 1 H), 6.80 (s, 1 H), 6.96 (s, 1 H), 7.11 (d, J = 7.8 Hz, 1 H), 7.23 (s, 1 H); 13C NMR (126 MHz, 
CD3OD) δ ppm 19.97, 24.09, 24.21, 25.35, 25.91, 30.32, 36.31, 46.51,  52.35, 54.50, 59.25, 63.09, 
71.91, 75.48, 79.21, 80.17, 82.42, 114.29, 117.25, 119.58, 123.95, 125.02, 129.14, 129.21, 130.26, 
130.64, 131.82, 134.78, 136.24, 137.63, 140.84, 149.67, 155.66, 163.09, 163.36,; HR-MS ESI/APCI 





Compound 76a (184 mg, 2.07 mmol), 1-hydroxy-1H-benzotriazole hydrate (242 mg), water soluble 
carbodiimide hydrochloride (342 mg) were added to a solution of compound 72 (1.0 g, 1.38 mmol) in 
N,N-dimethylformamide solution (30 mL). The reaction solution was stirred at the room temperature 
for 18 hours. Water was added and the mixture was extracted with ethyl acetate. The organic layer was 
washed with saturated aqueous sodium hydrogen carbonate solution and saturated brine, and dried 
over anhydrous magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off 
under reduced pressure to obtain the crude intermediate (77a) (1.05 g). A chloroform suspension (20 
mL) of obtained intermediate (77a) (660 mg, 0.830 mmol) and Dess-Martin periodinane (422 mg, 
1.25 mmol) was stirred at room temperature for 3 hours. After the solvent was distilled off under 
reduced pressure, the residue was purified by silica gel column chromatography (hexane: ethyl acetate 
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= 4: 1 to 1: 4) to obtain the titled compound (602 mg, 85% over 2 steps) as a yellow amorphous. 1H 
NMR (600 MHz, CDCl3) δ ppm 1.09 - 1.18 (m, 6 H), 1.33 (s, 6 H), 1.39 (s, 6 H), 1.78 (s, 3 H), 1.99 
(s, 3 H), 2.03 (s, 3 H), 2.04 (s, 3 H), 2.31 (s, 3 H), 2.37 (s, 3 H), 2.98 (spt, J = 6.9 Hz, 1 H), 3.73 - 3.80 
(m, 1 H), 3.89 - 3.98 (m, 2 H), 4.06 (dd, J = 12.4, 2.3 Hz, 1 H), 4.26 (dd, J = 12.4, 4.6 Hz, 1 H), 4.46 
- 4.53 (m, 1 H), 5.11 - 5.18 (m, 1 H), 5.23 - 5.30 (m, 2 H), 6.13 (br. s, 1 H), 6.33 (d, J = 16.5 Hz, 1 H), 
6.53 (d, J = 16.5 Hz, 1 H), 6.71 (d, J = 7.8 Hz, 1 H), 6.99 – 7.01 (m, 2 H), 7,13 (d, J = 7.8 Hz, 1 H), 





Compound 72 (500 mg, 0.69 mmol) and compound 76b (72 mg, 0.83 mmol) were used as starting 
materials and synthesized in the same manner as compound 78a to give the titled compound (305 mg, 
98% for 2 steps) as a colorless amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.10 - 1.16 (m, 6 H), 
1.42 (s, 6 H), 1.46 - 1.55 (m, 4 H), 1.78 (s, 3 H), 1.99 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.31 (s, 3 
H), 2.37 (s, 3 H), 2.91 - 3.06 (m, 1 H), 3.72 - 3.80 (m, 1 H), 3.91 - 3.95 (m, 2 H), 4.01 - 4.08 (m, 1 H), 
4.20 - 4.28 (m, 1 H), 4.46 - 4.52 (m, 1 H), 5.09 - 5.18 (m, 1 H), 5.22 - 5.29 (m, 2 H), 6.26 - 6.30 (m, 1 
H), 6.35 (d, J = 16.2 Hz, 1 H), 6.55 (d, J = 16.2 Hz, 1 H), 6.68 - 6.74 (m, 1 H), 7.00 (s, 2 H), 7.10 - 





Compound 72 (1.0 g, 1.38 mmol) and compound 76c (210 mg, 2.07 mmol) were used as starting 
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materials and synthesized in the same manner as compound 78a to give the titled compound (355 mg, 
32% for 2 steps) as a colorless amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.10 - 1.19 (m, 6 H), 
1.40 (s, 6 H), 1.78 (s, 3 H), 1.91 - 2.08 (m, 11 H), 2.22 - 2.40 (m, 8 H), 2.42 - 2.56 (m, 2 H), 2.91 - 
3.05 (m, 1 H), 3.70 - 3.81 (m, 1 H), 3.94 (s, 2 H), 4.05 (dd, J = 12.4, 1.9 Hz, 1 H), 4.26 (dd, J = 12.4, 
4.5 Hz, 1 H), 4.44 - 4.55 (m, 1 H), 5.10 - 5.20 (m, 1 H), 5.21 - 5.33 (m, 2 H), 6.28 - 6.41 (m, 2 H), 
6.49 - 6.61 (m, 1 H), 6.71 (d, J = 7.9 Hz, 1 H), 7.00 (s, 2 H), 7.14 (d, J = 7.9 Hz, 1 H), 7.27 (s, 1 H), 





Compound 72 (1.0 g, 1.38 mmol) and compound 76d (207 mg, 1.79 mmol) were used as starting 
materials and synthesized in the same manner as compound 78a to give the titled compound (850 mg, 
71% for 2 steps) as a colorless amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.10 - 1.18 (m, 6 H), 
1.39 (s, 6 H), 1.64 - 2.18 (m, 8 H), 1.77 (s, 3 H), 1.99 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.32 (s, 3 
H), 2.37 (s, 3 H), 2.89 - 3.04 (m, 1 H), 3.71 - 3.81 (m, 1 H), 3.93 (s, 2 H), 4.01 - 4.10 (m, 1 H), 4.25 - 
4.30 (m, 1 H), 4.45 - 4.53 (m, 1 H), 5.10 - 5.20 (m, 1 H), 5.23 - 5.30 (m, 2 H), 6.18 (s, 1 H), 6.26 - 
6.39 (m, 1 H), 6.47 - 6.60 (m, 1 H), 6.70 (d, J = 7.6 Hz, 1 H), 6.96 - 7.05 (m, 2 H), 7.10 - 7.16 (m, 1 





Compound 72 (1.00 g, 1.38 mmol) and compound 76e (267 mg, 2.07 mmol) were used as starting 
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materials and synthesized in the same manner as compound 78a to give the titled compound (265 mg, 





Compound 72 (815 mg, 1.12 mmol) and compound 76f (174 mg, 1.69 mmol) were used as starting 
materials and synthesized in the same manner as compound 78a to give the titled compound (483 mg, 
69% for 2 steps) as a colorless amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.06 - 1.10 (m, 6 H), 
1.43 (s, 6 H), 1.79 (s, 3 H), 1.98 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.31 (s, 3 H), 2.36 (s, 3 H), 2.93 
- 3.06 (m, 1 H), 3.71 - 3.80 (m, 1 H), 3.93 (s, 2 H), 4.04 (dd, J = 12.3, 2.2 Hz, 1 H), 4.23 (dd, J = 12.4, 
4.6 Hz, 1 H), 4.48-4.52 (m, 1 H), 4.76 (d, J = 6.7 Hz, 2 H), 4.87 (d, J = 6.7 Hz, 2 H), 5.08 - 5.18 (m, 
1 H), 5.18 - 5.33 (m, 2 H), 6.36 (d, J = 16.0 Hz, 1 H), 6.59 (d, J = 16.0 Hz, 1 H), 6.60 (br. s, 1 H), 6.73 
(d, J = 7.9 Hz, 1 H), 6.98 (s, 1 H), 7.00 (s, 1 H), 7.15 (d, J = 7.9 Hz, 1 H), 7.27 (s, 1 H), 9.74 (s, 1 H); 





Compound 72 (629 mg, 0.867 mmol) and compound 76g (228 mg, 1.13 mmol) were used as starting 
materials and synthesized in the same manner as compound 78a to give the titled compound (556 mg, 
71% for 2 steps) as a colorless amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.15 (dd, J = 6.84, 4.20 
Hz, 6H), 1.44 (s, 6H), 1.78 (s, 3H), 1.99 (s, 3H), 2.02 - 2.05 (m, 6H), 2.31 (s, 3H), 2.37 (s, 3H), 2.88 
(s, 1H), 2.93 - 3.04 (m, 2H), 3.72 - 3.81 (m, 1H), 3.94 (s, 2H), 4.04 (d, J = 9.17 Hz, 2H), 4.18 - 4.29 
129 
 
(m, 3H), 4.47 - 4.52 (m, 1H), 5.10 - 5.30 (m, 3H), 6.30 - 6.39 (m, 1H), 6.53 - 6.62 (m, 2H), 6.72 (d, 
J=7.93 Hz, 1H), 6.99 (d, J = 1.71 Hz, 2H), 7.14 (dd, J = 8.16, 1.63 Hz, 1H), 9.58 (s, 1H); MS 





Sodium cyanoborohydride (32 mg) was added to a solution of compound 78a (300 mg, 0.392 mmol) 
and compound 79 (44.0 mg, 0.588 mmol) in methanol solution (4 mL). The reaction solution was 
stirred at the room temperature for 18 hours. After the solvent was distilled off under reduced pressure, 
water was added and the mixture was extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium hydrogen carbonate solution and saturated brine, and dried over anhydrous 
magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced 
pressure. The residue (81a) was purified by silica gel column chromatography (chloroform: methanol 
= 99: 1 to 9: 1) to obtain the crude intermediate (43 mg). The crude intermediate (43 mg) and 4.88 M 
sodium methoxide (64 μL) in methanol solution (0.5 mL) was stirred at the room temperature for 18 
hours. After the solvent was distilled off under reduced pressure, the residue was purified by NH silica 
gel column chromatography (ethyl acetate: ethanol: water = 15: 2: 1 to 7: 2: 1) to obtain the titled 
compound (8 mg, 3% in 2 steps) as a colorless amorphous. 1H NMR (500 MHz, CD3OD) δ ppm 1.01 
(s, 6H), 1.09 (s, 3H), 1.10 (s, 3H), 1.39 (s, 6H), 2.30 (s, 3H), 2.88 - 2.98 (m, 1H), 3.13 (s, 2H), 3.20 (s, 
2H), 3.36 - 3.42 (m, 2H), 3.43 - 3.49 (m, 1H), 3.51 - 3.57 (m, 1H), 3.65 - 3.71 (m, 1H), 3.81 - 3.86 (m, 
1H), 3.88 (s, 2H), 4.46 (d, J = 9.56 Hz, 1H), 6.36 - 6.42 (m, 1H), 6.48 - 6.55 (m, 1H), 6.75 (d, J = 8.03 
Hz, 1H), 6.80 (s, 1H), 6.96 (s, 1H), 7.12 (dd, J = 8.03, 1.53 Hz, 1H), 7.23 (s, 1H); 13C NMR (126 MHz, 
CD3OD) δ ppm 19.98, 24.10, 24.21, 25.14, 25.96, 30.31, 36.32, 45.81, 46.09, 48.42, 54.99, 63.12, 
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71.91, 75.53, 79.14, 80.18, 82.43, 114.28, 123.98, 124.99, 129.16, 129.19, 130.24, 130.49, 131.78, 
134.84, 136.28, 137.58, 140.79, 149.62, 155.68, 178.02, 179.46,; HR-MS ESI/APCI Dual m/z: 





Sodium triacetoxyborohydride (30 mg) was added to a solution of compound 78b (100 mg, 0.126 
mmol) and compound 80 (21.0 mg, 0.192 mmol) in N,N-dimethylformamide solution (4 mL). The 
reaction solution was stirred at the room temperature for 18 hours. Water was added and the mixture 
was extracted with chloroform. The organic layer was washed with saturated aqueous sodium 
hydrogen carbonate solution and dried over anhydrous magnesium sulfate. After the desiccant was 
filtered off, the solvent was distilled off under reduced pressure. The residue was purified by silica gel 
column chromatography (chloroform: methanol = 99: 1 to 50: 50) to obtain the crude intermediate (62 
mg). The crude intermediate (62 mg) in methanol: triethylamine: water (5: 1: 1) solution (2 mL) was 
stirred at the room temperature for 18 hours. After the solvent was distilled off under reduced pressure, 
the residue was purified by OH silica gel column chromatography (chloroform: methanol = 100: 0 to 
50: 50) to obtain the titled compound (30 mg, 28% in 2 steps) as a pale brown amorphous. 1H NMR 
(600 MHz, CD3OD) δ ppm 0.71 - 0.80 (m, 4 H), 1.10 (d, J = 6.9 Hz, 6 H), 1.34 (s, 6 H), 2.30 (s, 3 H), 
2.72 - 2.77 (m, 2 H), 2.89 - 2.96 (m, 1 H), 3.30 (s, 1 H), 3.35 - 3.40 (m, 2 H), 3.43 - 3.48 (m, 1 H), 
3.51 - 3.56 (m, 1 H), 3.65 - 3.70 (m, 1 H), 3.82 - 3.86 (m, 1 H), 3.86 - 3.91 (s, 2 H), 4.46 (d, J = 9.2 
Hz, 1 H), 6.35 (d, J = 16.0 Hz, 1 H), 6.45 (d, J = 16.0 Hz, 1 H), 6.72 - 6.78 (m, 1 H), 6.78 - 6.82 (s, 1 
H), 6.91 - 6.97 (s, 1 H), 7.07 - 7.14 (m, 1 H), 7.20 - 7.26 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ 
ppm 13.36, 19.97, 24.09, 24.21, 25.85, 30.30, 33.61, 36.31, 45.84, 51.94, 56.33, 63.11, 71.90, 75.53, 
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79.14, 80.18, 82.42, 114.26, 123.98, 125.04, 129.14, 129.21, 130.16, 130.23, 131.75, 134.69, 136.32, 
137.55, 140.72, 149.61, 155.65, 175.78, 180.63,; HR-MS ESI/APCI Dual m/z: 640.3598 [M+H]+ 





Compound 78c (135 mg, 0.167 mmol) and compound 80 (25 mg, 0.226 mmol) were used as starting 
materials and synthesized in the same manner as compound 82b to give the titled compound (80 mg, 
55% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.10 (d, J = 6.9 Hz, 
6 H), 1.36 (s, 6 H), 1.75 - 1.91 (m, 2 H), 2.07 - 2.12 (m, 2 H), 2.21 - 2.28 (m, 2 H), 2.30 (s, 3 H), 2.89 
- 2.94 (m, 3 H), 3.24 (s, 2 H), 3.29 - 3.31 (m, 1 H), 3.36 - 3.42 (m, 2 H), 3.46 (t, J = 8.7 Hz, 1 H), 3.55 
(t, J = 8.7 Hz, 1 H), 3.68 (dd, J = 11.9, 5.0 Hz, 1 H), 3.84 (dd, J = 11.9, 1.8 Hz, 1 H), 3.88 (s, 2 H), 
4.46 (d, J = 9.6 Hz, 1 H), 6.36 - 6.41 (m, 1 H), 6.46 - 6.51 (m, 1 H), 6.75 (d, J = 7.8 Hz, 1 H), 6.80 (s, 
1 H), 6.96 (s, 1 H), 7.11 (dd, J = 7.8, 0.9 Hz, 1 H), 7.24 (d, J = 0.9 Hz, 1 H); 13C NMR (126 MHz, 
CD3OD) δ ppm 15.85, 19.98, 24.10, 24.21, 25.89, 30.31, 32.22, 36.31, 46.06, 53.06, 55.86, 58.39, 
60.30, 63.11, 71.90, 75.52, 79.15, 80.18, 82.43, 114.27, 123.97, 125.03, 129.13, 129.20, 130.24, 
130.32, 131.78, 134.91, 136.32, 137.57, 140.74, 149.62, 155.66, 176.88, 178.56,; HR-MS ESI/APCI 





Compound 78d (220 mg, 0.268 mmol) and compound 79 (30.0 mg, 0.402 mmol) were used as 
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starting materials and synthesized in the same manner as compound 82a to give the titled compound 
(16 mg, 9% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.07 - 1.13 
(m, 6 H), 1.32 - 1.38 (m, 6 H), 1.57 - 1.76 (m, 6 H), 1.93 - 2.02 (m, 2 H), 2.31 (s, 3 H), 2.82 (s, 2 H), 
2.92 (s, 1 H), 3.19 (s, 2 H), 3.35 - 3.41 (m, 2 H), 3.43 - 3.49 (m, 1 H), 3.52 - 3.57 (m, 1 H), 3.65 - 3.71 
(m, 1 H), 3.81 - 3.87 (m, 1 H), 3.88 (s, 2 H), 4.44 - 4.49 (m, 1 H), 6.36 - 6.42 (m, 1 H), 6.48 - 6.53 (m, 
1 H), 6.75 (d, J = 7.8 Hz, 1 H), 6.80 (s, 1 H), 6.96 (s, 1 H), 7.08 - 7.13 (m, 1 H), 7.23 (s, 1 H); 13C 
NMR (126 MHz, CD3OD) δ ppm 19.98, 24.10, 24.21, 25.07, 25.90, 30.32, 36.33, 37.14, 46.44, 53.20, 
56.82, 63.12, 65.93, 71.92, 75.53, 79.15, 80.19, 82.45, 114.27, 123.99, 124.98, 129.13, 129.19, 130.26, 
130.61, 131.80, 134.97, 136.25, 137.62, 140.85, 149.64, 155.68, 177.11, 178.93,; HR-MS ESI/APCI 





Compound 78e (265 mg, 0.318 mmol) and compound 80 (46.0 mg, 0.413 mmol) were used as starting 
materials and synthesized in the same manner as compound 82b to give the titled compound (13 mg, 
5.6% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.09 (d, J = 6.4 Hz, 
6 H), 1.26 - 1.40 (m, 14 H), 1.48 - 1.61 (m, 3 H), 2.11 - 2.16 (m, 2 H), 2.32 (s, 3 H), 2.85 (s, 2 H), 2.88 
- 2.95 (m, 1 H), 3.25 (s, 2 H), 3.37 - 3.41 (m, 2 H), 3.46 (t, J = 8.9 Hz, 1 H), 3.52 - 3.57 (m, 1 H), 3.65 
- 3.70 (m, 1 H), 3.84 (d, J = 12.4 Hz, 1 H), 3.89 (s, 2 H), 4.47 (d, J = 9.6 Hz, 1 H), 6.43 (d, J = 16.5 
Hz, 1 H), 6.58 (d, J = 16.5 Hz, 1 H), 6.76 (d, J = 7.8 Hz, 1 H), 6.80 (s, 1 H), 6.97 (s, 1 H), 7.12 (d, J = 
7.8 Hz, 1 H), 7.25 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 8.61, 20.00, 22.73, 24.10, 24.22, 
25.94, 26.86, 30.33, 33.83, 36.36, 46.86, 53.21, 57.56, 60.30, 63.13, 71.93, 75.55, 79.14, 80.19, 82.46, 
114.30, 124.02, 124.96, 129.15, 129.18, 130.29, 131.08, 131.84, 134.88, 136.10, 137.67, 141.02, 
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Sodium cyanoborohydride (27 mg) was added to a solution of compound 78f (117 mg, 0.145 mmol) 
and compound 80 (48.0 mg, 0.434 mmol) in methanol solution (4 mL). The reaction solution was 
stirred at the room temperature for 18 hours. After the solvent was distilled off under reduced pressure, 
water was added and the mixture was extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium hydrogen carbonate solution and saturated brine, and dried over anhydrous 
magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel column chromatography (chloroform: methanol = 100: 
0 to 50: 50) to obtain the crude intermediate (68 mg). The crude intermediate (68 mg) in methanol: 
triethylamine: water (5: 1: 1) solution (2 mL) was stirred at the room temperature for 18 hours. After 
the solvent was distilled off under reduced pressure, the residue was purified by NH silica gel column 
chromatography (ethyl acetate: ethanol: water = 10: 2: 1) to obtain the titled compound (16 mg, 17% 
in 2 steps) as a colorless amorphous. 1H NMR (300 MHz, CD3OD) δ ppm 1.10 (d, J = 6.7 Hz, 6 H), 
1.38 (s, 6 H), 2.30 (s, 3 H), 2.86 - 2.98 (m, 1 H), 3.08 (s, 2 H), 3.25 (s, 2 H), 3.36 - 3.40 (m, 2 H), 3.41 
- 3.49 (m, 1 H), 3.50 - 3.58 (m, 1 H), 3.63 - 3.72 (m, 1 H), 3.80 - 3.91 (m, 3 H), 4.46 (d, J = 9.5 Hz, 1 
H), 4.50 (d, J = 7.0 Hz, 2 H), 4.67 (d, J = 7.0 Hz, 2 H), 6.38 (d, J = 16.3 Hz, 1 H), 6.50 (d, J = 16.3 
Hz, 1 H), 6.76 (d, J = 7.9 Hz, 1 H), 6.80 (s, 1 H), 6.95 (s, 1 H), 7.11 (d, J = 7.9 Hz, 1 H), 7.24 (s, 1 H); 
13C NMR (126 MHz, CD3OD) δ ppm 19.97, 24.10, 24.21, 25.86, 25.98, 30.31, 36.32, 45.85, 46.66, 
51.91, 53.29, 53.36, 54.68, 58.09, 61.85, 63.12, 63.78, 71.91, 75.53, 79.14, 80.16, 80.19, 82.44, 114.26, 
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123.98, 125.08, 125.11, 129.17, 129.21, 130.25, 130.43, 131.10, 131.76, 134.46, 134.53, 136.28, 
137.58, 137.62, 140.79, 140.89, 149.62, 155.67, 177.26, 178.90, 179.89,; HR-MS ESI/APCI Dual m/z: 





Sodium triacetoxyborohydride (30 mg) was added to a solution of compound 78g (550 mg, 0.606 
mmol) and compound 80 (87.0 mg, 0.788 mmol) and acetic acid (45 μL) in N,N-dimethylformamide 
solution (6 mL). The reaction solution was stirred at the room temperature for 18 hours. Water was 
added and the mixture was extracted with chloroform. The organic layer was washed with saturated 
aqueous sodium hydrogen carbonate solution and dried over anhydrous magnesium sulfate. After the 
desiccant was filtered off, the solvent was distilled off under reduced pressure. The residue was 
purified by silica gel column chromatography (chloroform: methanol = 99: 1 to 50: 50) to obtain the 
crude intermediate (313 mg). The crude intermediate (163 mg) and 4.88 sodium methoxide (415 μL) 
in methanol solution (1.7 mL) was stirred at the room temperature for 18 hours. After the solvent was 
distilled off under reduced pressure, the residue was purified by NH silica gel column chromatography 
(ethyl acetate: ethanol: water = 20: 2: 1 to 7: 2: 1) to obtain the titled compound (80 mg, 34% in 2 
steps) as a colorless amorphous. 1H NMR (300 MHz, CD3OD) δ ppm 1.10 (d, J = 6.84 Hz, 6H), 1.38 
(s, 6H), 1.42 (s, 9H), 2.30 (s, 3H), 2.86-3.01 (m, 3H), 3.22 (s, 2H), 3.37 - 3.72 (m, 6H), 3.81 - 4.00 (m, 
6H), 4.46 (d, J = 9.33 Hz, 1H), 6.28 - 6.42 (m, 1H), 6.44 - 6.55 (m, 1H), 6.75 (d, J = 7.93 Hz, 1H), 








The compound 82g (80.0 mg, 0.106 mmol) in trifluoroacetic acid solution (1.0 mL) was stirred at the 
room temperature for 18 hours. After the solvent was distilled off under reduced pressure, the residue 
was purified by NH silica gel column chromatography (ethyl acetate: ethanol: water = 20: 2: 1 to 7: 2: 
1) to obtain the titled compound (44 mg, 63%) as a colorless amorphous. 1H NMR (500 MHz, CD3OD) 
δ ppm 1.04 - 1.11 (m, 6H), 1.35 - 1.39 (m, 3H), 1.46 (s, 3H), 2.31 (s, 3H), 2.88 - 2.95 (m, 1H), 3.20 - 
3.94 (m, 12H), 4.46 (d, J = 9.56 Hz, 1H), 6.27 - 6.41 (m, 1H), 6.51 (br dd, J = 18.73, 16.44 Hz, 1H), 
6.76 (br d, J = 8.03 Hz, 1H), 6.80 (s, 1H), 6.95 (s, 1H), 7.11 (br d, J = 7.64 Hz, 1H), 7.24 (s, 1H); 13C 
NMR (126 MHz, CD3OD) δ ppm 19.96, 24.09, 24.21, 25.84, 26.42, 26.48, 30.31, 36.31, 40.19,  
53.36, 54.95, 55.01, 55.61, 56.80, 57.80, 63.13, 66.34, 71.92, 71.96, 75.55, 75.73, 79.11, 80.19, 82.44, 
114.28, 124.02, 125.06, 125.17, 129.13, 129.16, 129.25, 130.19, 130.24, 130.38, 131.76, 133.48, 





Methyl iodide (33.0 mL, 0.530 mol) in N,N-dimethylformamide (50 mL) was added to a suspension 
of compound 67 (392 g, 0.506 mol) and potassium carbonate (73.4 g, 0.531 mol) in N,N-
dimethylformamide (0.95 L). The reaction solution was stirred for 1 hour, and after addition of 
potassium carbonate (70.0 g, 0.506 mol) and methyl iodide (31.5 mL, 0.506 mol), the mixture was 
stirred for 1 hour. Potassium carbonate (70.0 g, 0.506 mol) and methyl iodide (31.5 mL, 0.506 mol) 
were added again, and the mixture was stirred for 1 hour. Methyl iodide (15.8 mL, 0.254 mol) was 
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added, and the mixture was stirred overnight at room temperature. After stirring at 50°C for 2 hours, 
the mixture was diluted with toluene (1.25 L), and water (1.0 L) was added. The two layers were 
separated, and the organic layer was washed twice with water (1.0 L) and 10% brine (1.0 L), and then 
concentrated under reduced pressure. The residue was dissolved with isopropyl alcohol (350 mL) at 
40°C, and the solution was cooled to room temperature and stirred overnight. The resulting precipitate 
was filtered off and dried to give the titled compound (155 g, 46%) in the form of a white powder. 1 H 
NMR (300 MHz, CDCl3) δ ppm 1.12 (d, J = 6.8 Hz, 3 H), 1.13 (d, J = 6.8 Hz, 3 H), 1.55 (s, 3 H), 1.75 
(s, 3 H), 1.99 (s, 3 H), 2.04 (s, 3 H), 2.05 (s, 3 H), 2.29 (s, 3 H), 2.83 - 2.96 (m, 1 H), 3.86 (s, 3 H), 
4.08 - 4.17 (m, 1 H), 4.18 - 4.28 (m, 1 H), 4.78 - 4.89 (m, 1 H), 5.13 - 5.23 (m, 1 H), 5.27 - 5.35 (m, 2 




The compound 55g (100 g) in methanol: triethylamine: water (5: 1: 1) solution (12 L) was stirred at 
the room temperature for 3 days. The reaction solution was concentrated, and dissolved in 2 M 
hydrochloric acid and extracted twice with chloroform. The organic layers were combined, washed 
with saturated brine, and dried over anhydrous magnesium sulfate. After the desiccant was filtered off, 
the solvent was distilled off under reduced pressure to obtain the intermediate 85 (80.4 g) as a light 
brown amorphous. To a suspension of the intermediate 85 (1.00 g, 2.08 mmol) and potassium 
carbonate (862 mg, 6.24 mmol) in N,N-dimethylformamide (6.0 mL) was added to ethyl iodide (86b) 
(500 μL, 6.24 mmol). The reaction mixture was stirred at 50°C for 8 hours. Water was added to the 
reaction solution and extracted with chloroform. The organic layer was washed with saturated brine, 
dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography (methanol: chloroform = 0: 100 to 10: 90) 
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to obtain the intermediate (87b) (950 mg, 90%) as a colorless liquid. A solution of the intermediate 
(87b) (867 mg, 1.70 mmol) and acetic anhydride (4.3 mL) in pyridine (5.2 mL) was stirred at room 
temperature for 3 days. The reaction solution was added to ice water and extracted with toluene. The 
organic layer was washed with 2 M hydrochloric acid and saturated brine, and dried over sodium 
sulfate. After the desiccant was filtered off, the solvent was evaporated under reduced pressure, and 
the residue was purified by silica gel column chromatography (hexane: ethyl acetate = 85: 15 → 65: 
35) to give the titled compound (1.00 g, 90% in 3 steps). 1H NMR (300 MHz, CDCl3) δ ppm 1.07 - 
1.15 (m, 6 H), 1.46 (t, J = 6.9 Hz, 3 H), 1.75 (s, 3 H), 2.00 (s, 3 H), 2.04 (s, 3 H), 2.05 (s, 3 H), 2.28 
(s, 3 H), 2.83 - 2.94 (m, 1 H), 3.72 - 3.90 (m, 3 H), 4.02 - 4.15 (m, 3 H), 4.19 - 4.28 (m, 1 H), 4.76 - 
4.89 (m, 1 H), 5.15 - 5.22 (m, 1 H), 5.27 - 5.38 (m, 2 H), 6.54 (d, J = 8.2 Hz, 1 H), 6.79 (s, 1 H), 6.94 





To a suspension of Intermediate 85 (1.00 g, 2.08 mmol) and potassium carbonate (861 mg, 6.23 
mmol) in N, N-dimethylformamide (5 mL) was added to 2-iodoethanol (86c) (485 μL, 6.23 mmol). 
The reaction mixture stirred at 150°C. for 3 hours. Water was added to the reaction mixture and 
extracted twice with ethyl acetate. The organic layers were combined, washed with 10% brine and 
water, and dried over anhydrous magnesium sulfate. The desiccant was filtered off and concentrated 
under reduced pressure. The residue was purified by silica gel chromatography (ethyl acetate only → 
ethyl acetate: ethanol: water = 15: 2: 1) to give the intermediate (87c) (370 mg) as a colorless 
amorphous. Acetic anhydride (900 μL) was added to a solution of the intermediate (87c) (360 mg, 
0.685 mmol) in pyridine (1.08 mL), and the mixture was stirred overnight at room temperature. The 
138 
 
reaction solution was added to ice water and extracted with ethyl acetate. The organic layer was 
washed with 2 M hydrochloric acid twice and saturated brine, and then dried over anhydrous 
magnesium sulfate. After the desiccant was filtered off, the solvent was evaporated under reduced 
pressure to give the titled compound (480 mg, 37% in 3 steps) as a colorless amorphous. 1H NMR 
(300 MHz, CDCl3) δ ppm 1.07 - 1.15 (m, 6 H), 1.74 (s, 3 H), 1.99 (s, 3 H), 2.04 (s, 3 H), 2.06 (s, 3 H), 
2.17 (s, 3 H), 2.28 (s, 3 H), 2.88 - 2.94 (m, 1 H), 3.72 - 3.92 (m, 3 H), 4.04 - 4.33 (m, 4 H), 4.36 - 4.49 
(m, 1 H), 4.52 - 4.64 (m, 1 H), 4.75 (br. s., 1 H), 5.19 (t, J = 9.2 Hz, 1 H), 5.30 (t, J = 9.2 Hz, 1 H), 
5.41 (br. s., 1 H), 6.53 (d, J = 8.2 Hz, 1 H), 6.79 (s, 1 H), 6.93 (s, 1 H), 7.18 (d, J = 8.2 Hz, 1 H), 7.32 




Intermediate 85 (2.00 g, 4.15 mmol) and 2-iodo-N,N-dimethylethan-1-amine (86d) (2.07 g, 10.4 
mmol) were used as starting materials and synthesized in the same manner as compound 88c to give 
the titled compound (520 mg, 17% for 2 steps) as a brown amorphous. 1H NMR (300 MHz, CDCl3) δ 
ppm 1.12 (m, 6H), 1.75 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.05 (s, 3H), 2.08 (s, 3H), 2.28 (s, 3H), 2.49 
(s, 6H), 2.84-3.00 (m, 3H), 3.76 - 3.91 (m, 3H), 4.02 - 4.26 (m, 4H), 4.78 - 4.94 (m, 1H), 5.13 - 5.37 
(m, 3H), 6.53 (d, J = 8.08 Hz, 1H), 6.81 (s, 1H), 6.94 (s, 1H), 7.17 (dd, J = 8.00, 1.94 Hz, 1H), 7.32 




In an argon atmosphere, an acetonitrile (200 mL) suspension of compound 84 (10.0 g, 15.1 mmol), 
compound 41 (4.12 g, 36.1 mmol), palladium (II) acetate (337 mg, 1.51 mmol), tri-o-tolylphosphine 
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(917 mg, 3.02 mmol), and triethylamine (10.5 mL, 75.5 mmol) was refluxed for 3 hours. After cooling 
to room temperature, the reaction mixture was concentrated, the residue was dissolved in ethyl acetate 
(800 mL), and the solution was washed with 10% hydrochloric acid (200 mL), then dried over 
anhydrous magnesium sulfate. The filtrate was concentrated under reduced pressure, and the resulting 
residue was purified by performing neutral silica gel column chromatography (hexane: ethyl acetate 
= 8: 2 to1: 9) to obtain the titled compound (10.4 g, 99%) in the form of a colorless amorphous. 1 H 
NMR (600 MHz, CDCl3) δ ppm 1.12 (d, J = 6.9 Hz, 3 H), 1.13 (d, J = 6.9 Hz, 3 H), 1.43 (s, 6 H), 1.75 
(s, 3 H), 1.99 (s, 3 H), 2.01 - 2.06 (m, 6 H), 2.29 (s, 3 H), 2.90 - 2.98 (m, 1 H), 3.77 - 3.81 (m, 1 H), 
3.81 - 3.91 (m, 5 H), 4.08 - 4.13 (m, 1 H), 4.21 (dd, J = 12.2, 4.4 Hz, 1 H), 4.79 (br. d, J = 8.3 Hz, 1 
H), 5.17 (t, J = 9.6 Hz, 1 H), 5.27 - 5.36 (m, 2 H), 6.35 (d, J = 16.0 Hz, 1 H), 6.43 (d, J = 16.0 Hz, 1 
H), 6.64 (d, J = 8.3 Hz, 1 H), 6.80 (s, 1 H), 6.95 (s, 1 H), 7.06 (d, J = 8.3 Hz, 1 H), 7.21 (s, 1 H); MS 




glucitol (90a)  
Compound 76a (1.72 g, 19.4 mmol), water soluble carbodiimide hydrochloride (3.21 g, 16.8 mmol) 
and 1-hydroxy-1H-benzotriazole hydrate (2.27 g, 16.8 mmol) were added to a N,N-
dimethylformamide (100 mL) solution of compound 89a (9.00 g, 12.9 mmol) in a nitrogen atmosphere, 
and the mixture was stirred for 16 hours at room temperature. Water was added to the reaction liquid, 
and after extracting the mixture with ethyl acetate, the organic layer was washed with 10% brine, then 
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled 
off under reduced pressure. The resulting residue was purified by performing silica gel column 
chromatography (hexane: ethyl acetate = 2: 8 to 8: 2) to obtain the colorless powder (8.07 g). Dess-
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Martin periodinane (6.69 g, 15.8 mmol) was added to the colorless powder (8.07 g, 10.5 mmol) in a 
nitrogen atmosphere, and the mixture was stirred for 1 hour at room temperature. The resection 
mixture was distilled off under reduced pressure, and the resulting residue was purified by silica gel 
column chromatography (hexane: ethyl acetate ratio = 2: 8 to 8: 2) to obtain the titled compound (7.6 
g, 77% in 2 steps) in the form of a yellow amorphous. 1 H NMR (600 MHz, CDCl3) δ ppm 1.09 - 1.18 
(m, 6 H), 1.32 (s, 6 H), 1.38 (s, 6 H), 1.77 (s, 3 H), 1.98 (s, 3 H), 2.00 - 2.07 (m, 6 H), 2.33 (s, 3 H), 
2.95 (spt, J = 6.8 Hz, 1 H), 3.77 - 3.94 (m, 6 H), 4.08 - 4.15 (m, 1 H), 4.22 (dd, J = 11.9, 4.6 Hz, 1 H), 
4.82 (br. s., 1 H), 5.14 - 5.20 (m, 1 H), 5.27 - 5.35 (m, 2 H), 6.11 (br. s, 1 H), 6.31 (d, J = 16.5 Hz, 1 
H), 6.52 (d, J = 16.5 Hz, 1 H), 6.67 (d, J = 7.8 Hz, 1 H), 6.81 (s, 1 H), 6.99 (s, 1 H), 7.10 (d, J = 7.8 





Compound 88b (1.00 g, 1.48 mmol) was used as starting materials and synthesized in the same 
manner as compound 89a and 90a to give the titled compound (175 mg, 15% for 3 steps) as a colorless 
amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.06 - 1.18 (m, 6 H), 1.32 (s, 6 H), 1.38 (s, 6 H), 1.47 
(t, J = 6.9 Hz, 3 H), 1.77 (s, 3 H), 1.99 (s, 3 H), 2.04 (s, 3 H), 2.04 (s, 3 H), 2.33 (s, 3 H), 2.85 - 3.03 
(m, 1 H), 3.72 - 3.97 (m, 3 H), 4.01 - 4.16 (m, 3 H), 4.17 - 4.28 (m, 1 H), 4.72 - 4.91 (m, 1 H), 5.11 - 
5.21 (m, 1 H), 5.27 - 5.37 (m, 2 H), 6.11 (s, 1 H), 6.26 - 6.35 (m, 1 H), 6.48 - 6.57 (m, 1 H), 6.67 (d, J 
= 7.9 Hz, 1 H), 6.80 (s, 1 H), 6.97 (s, 1 H), 7.10 (d, J = 7.9 Hz, 1 H), 7.25 (s, 1 H), 9.33 (s, 1 H); MS 







Compound 88c (480 mg, 0.653 mmol) was used as starting materials and synthesized in the same 
manner as compound 89a and 90a to give the titled compound (250 mg, 46% for 3 steps) as a colorless 
amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.13 (d, J = 6.8 Hz, 3 H), 1.14 (d, J = 6.8 Hz, 3 H), 
1.33 (s, 6 H), 1.39 (s, 6 H), 1.76 (s, 3 H), 1.98 (s, 3 H), 2.04 (s, 3 H), 2.05 (s, 3 H), 2.18 (s, 3 H), 2.32 
(s, 3 H), 2.88 - 3.01 (m, 1 H), 3.76 - 3.91 (m, 3 H), 4.05 - 4.13 (m, 1 H), 4.15 - 4.30 (m, 3 H), 4.37 - 
4.48 (m, 1 H), 4.53 - 4.63 (m, 1 H), 4.73 (br. s., 1 H), 5.18 (t, J = 9.2 Hz, 1 H), 5.30 (t, J = 9.2 Hz, 1 
H), 5.41 (br. s., 1 H), 6.11 (s, 1 H), 6.34 (d, J = 16.0 Hz, 1 H), 6.55 (d, J = 16.0 Hz, 1 H), 6.67 (d, J = 
7.8 Hz, 1 H), 6.80 (s, 1 H), 6.96 (s, 1 H), 7.11 (d, J = 7.8 Hz, 1 H), 7.25 (s, 1 H), 9.33 (s, 1 H); MS 





Compound 88d (510 mg, 0.708 mmol) was used as starting materials and synthesized in the same 
manner as compound 89a and 90a to give the titled compound (215 mg, 38% for 3 steps) as a pale 
orange amorphous. 1H NMR (300 MHz, CDCl3) δ ppm 1.13 (m, 6H), 1.32 (s, 6H), 1.39 (s, 6H), 1.77 
(s, 3H), 1.99 (s, 3H), 2.04 (m, 6H), 2.33 (s, 3H), 2.42 (s, 6H), 2.79 - 2.99 (m, 3H), 3.76 - 3.90 (m, 3H), 
4.06 - 4.26 (m, 4H),4.75 - 4.88 (m, 1H), 5.11 - 5.42 (m, 3H), 6.13 (s, 1H), 6.26 - 6.36 (m, 1H), 6.48 - 
6.56 (m, 1H), 6.66 (d, J = 7.93 Hz, 1H), 6.83 (s, 1H), 6.98 (s, 1H), 7.10 (dd, J = 7.85, 1.63 Hz, 1H), 







Compound 90a (300 mg, 0.39 mmol) was used as starting materials and synthesized in the same 
manner as compound 82a to give the titled compound (41 mg, 16% for 2 steps) as a colorless 
amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.12 - 1.17 (m, 6 H), 1.30 (s, 6 H), 1.35 (s, 6 H), 
2.32 (s, 3 H), 2.66 (s, 2 H), 2.99 (s, 1 H), 3.18 (s, 2 H), 3.34 (d, J = 2.3 Hz, 2 H), 3.43 - 3.48 (m, 1 H), 
3.49 - 3.53 (m, 1 H), 3.59 - 3.64 (m, 1 H), 3.80 - 3.84 (m, 1 H), 3.84 (s, 3 H), 3.92 (s, 2 H), 4.59 - 4.63 
(m, 1 H), 6.35 - 6.39 (m, 1 H), 6.48 - 6.52 (m, 1 H), 6.74 (d, J = 7.8 Hz, 1 H), 6.92 (s, 1 H), 7.07 (s, 1 
H), 7.09 - 7.12 (m, 1 H), 7.24 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.00, 24.05, 24.19, 
25.30, 25.92, 30.73, 36.36, 46.57, 53.24, 54.69, 56.52, 59.61, 63.43, 72.31, 75.75, 76.96, 80.29, 82.54, 
109.64, 125.00, 126.26, 129.16, 130.18, 130.20, 130.58, 131.75, 134.99, 136.31, 137.61, 140.64, 






Compound 90b (175 mg, 0.224 mmol) was used as starting materials and synthesized in the same 
manner as compound 82g to give the titled compound (80 mg, 56% for 2 steps) as a colorless 
amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.10 - 1.16 (m, 6 H), 1.30 (s, 6 H), 1.35 (s, 6 H), 
1.41 (t, J = 6.9 Hz, 3 H), 2.32 (s, 3 H), 2.66 (s, 2 H), 2.95 - 3.02 (m, 1 H), 3.18 (s, 2 H), 3.33 - 3.38 
(m, 2 H), 3.45 (t, J = 8.7 Hz, 1 H), 3.55 - 3.64 (m, 2 H), 3.83 (dd, J = 11.9, 1.8 Hz, 1 H), 3.92 (s, 2 H), 
4.05 - 4.13 (m, 2 H), 4.59 (d, J = 9.6 Hz, 1 H), 6.37 (d, J = 16.5 Hz, 1 H), 6.50 (d, J = 16.5 Hz, 1 H), 
6.75 (d, J = 7.8 Hz, 1 H), 6.91 (s, 1 H), 7.05 (s, 1 H), 7.11 (d, J = 7.8 Hz, 1 H), 7.24 (s, 1 H); 13C NMR 
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(126 MHz, CD3OD) δ ppm 15.49, 19.99, 24.06, 24.18, 25.30, 25.92, 30.66, 36.36, 46.57,  53.24, 
54.69, 59.60, 63.46, 65.80, 72.30, 75.36, 77.36, 80.33, 82.51, 111.13, 125.00, 126.42, 129.16, 130.21, 
130.24, 130.57, 131.88, 134.99, 136.31, 137.62, 140.61, 149.76, 158.05, 177.22, 178.79,; HR-MS 





Compound 90c (120 mg, 0.143 mmol) was used as starting materials and synthesized in the same 
manner as compound 82g to give the titled compound (30 mg, 30% for 2 steps) as a colorless 
amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.13 (d, J = 6.9 Hz, 3 H), 1.14 (d, J = 6.9 Hz, 3 H), 
1.30 (s, 6 H), 1.34 (s, 6 H), 2.32 (s, 3 H), 2.66 (s, 2 H), 2.98 (m, 1 H), 3.17 (s, 2 H), 3.34 (s, 2 H), 3.37 
- 3.40 (m, 1 H), 3.45 - 3.51 (m, 2 H), 3.60 - 3.65 (m, 1 H), 3.81 - 3.90 (m, 3 H), 3.91 (s, 2 H), 4.08 - 
4.15 (m, 2 H), 4.68 (d, J = 9.2 Hz, 1 H), 6.37 (d, J = 16.5 Hz, 1 H), 6.50 (d, J = 16.5 Hz, 1 H), 6.73 (d, 
J = 7.8 Hz, 1 H), 6.93 (s, 1 H), 7.07 - 7.12 (m, 2 H), 7.24 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ 
ppm 20.00, 24.04, 24.20, 25.30, 25.92, 30.68, 36.38, 46.57, 53.24, 54.69, 59.60, 62.07, 63.39, 72.00, 
72.27, 76.17, 77.04, 80.28, 82.47, 111.41, 125.00, 127.04, 129.15, 130.18, 130.56, 130.70, 131.75, 
135.00, 136.32, 137.61, 140.58, 149.75, 157.77, 177.23, 178.78,; HR-MS ESI/APCI Dual m/z: 





Compound 90c (120 mg, 0.146 mmol) was used as starting materials and synthesized in the same 
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manner as compound 82b to give the titled compound (35 mg, 27% for 2 steps) as a colorless 
amorphous. 1H NMR (500 MHz, CD3OD) δ ppm 1.14 (dd, J = 6.50, 5.35 Hz, 6H), 1.30 (s, 6H), 1.35 
(s, 6H), 2.32 (s, 3H), 2.40 (s, 6H), 2.66 (s, 2H), 2.74 - 2.82 (m, 1H), 2.85-2.92 (m, 1H), 2.95 - 3.06 (m, 
1H), 3.17 (s, 2H), 3.32 - 3.39 (m, 2H), 3.42 - 3.49 (m, 2H), 3.58 - 3.65 (m, 1H), 3.82 (dd, J = 11.85, 
1.91 Hz, 1H), 3.92 (s, 2H), 4.08 - 4.23 (m, 2H), 4.60 - 4.67 (m, 1H), 6.33 - 6.41 (m, 1H), 6.47 - 6.55 
(m, 1H), 6.73 (d, J = 8.03 Hz, 1H), 6.93 (s, 1H), 7.05 - 7.13 (m, 2H), 7.24 (d, J = 1.15 Hz, 1H); 13C 
NMR (126 MHz, CD3OD) δ ppm 20.00, 24.04, 24.18, 25.30, 25.92, 30.70, 36.37, 46.07, 46.57, 53.24, 
54.69, 59.59, 63.44, 67.75, 72.37, 76.03, 77.09, 80.41, 82.59, 111.02, 125.00, 126.80, 129.16, 130.18, 
130.56, 130.70, 131.77, 135.00, 136.32, 137.60, 140.57, 149.78, 157.67, 177.22, 178.78,; HR-MS 





Compound 90a (360 mg, 0.470 mmol) and 4-aminobutanamide (57 mg, 0.558 mmol) was used as 
starting materials and synthesized in the same manner as compound 82a to give the titled compound 
(151 mg, 47% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.14 (d, J = 
6.7 Hz, 3 H), 1.15 (d, J = 6.7 Hz, 3 H), 1.29 - 1.32 (m, 6 H), 1.33 - 1.36 (m, 6 H), 1.61 - 1.70 (m, 2 H), 
2.11 (t, J = 7.3 Hz, 2 H), 2.31 - 2.35 (m, 3 H), 2.61 (t, J = 6.9 Hz, 2 H), 2.72 (br. s., 2 H), 2.93 - 3.02 
(m, 1 H), 3.37 - 3.42 (m, 2 H), 3.44 - 3.49 (m, 1 H), 3.50 - 3.55 (m, 1 H), 3.60 - 3.65 (m, 1 H), 3.79 - 
3.86 (m, 4 H), 3.92 (s, 2 H), 4.62 (d, J = 9.6 Hz, 1 H), 6.36 (d, J = 16.0 Hz, 1 H), 6.50 (d, J = 16.0 Hz, 
1 H), 6.73 (d, J = 7.8 Hz, 1 H), 6.92 (s, 1 H), 7.08 - 7.12 (m, 2 H), 7.24 (s, 1 H); 13C NMR (126 MHz, 
CD3OD) δ ppm 20.03, 24.05, 24.21, 25.37, 25.87, 30.74, 34.27, 36.37, 46.54, 50.72, 54.31, 56.52, 
59.44, 63.40, 72.29, 75.72, 76.99, 80.28, 82.54, 109.65, 125.02, 126.24, 129.18, 130.13, 130.16, 
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130.68, 131.83, 134.69, 136.23, 137.59, 140.69, 149.82, 158.62, 178.68, 179.14,; HR-MS ESI/APCI 





Compound 90a (300 mg, 0.392 mmol) and 5-aminopentanamide (76.5 mg, 0.588 mmol) was used as 
starting materials and synthesized in the same manner as compound 82b to give the titled compound 
(141 mg, 52% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.14 (t, J = 
6.9 Hz, 6 H), 1.17 - 1.24 (m, 2 H), 1.26 - 1.37 (m, 14 H), 1.45 - 1.53 (m, 2 H), 2.12 (t, J = 7.6 Hz, 2 
H), 2.33 (s, 3 H), 2.49 (t, J = 7.3 Hz, 2 H), 2.61 (s, 2 H), 2.92 - 3.00 (m, 1 H), 3.33 - 3.38 (m, 2 H), 
3.46 (t, J = 8.5 Hz, 1 H), 3.51 - 3.56 (m, 1 H), 3.62 (dd, J = 11.9, 5.0 Hz, 1 H), 3.79 - 3.87 (m, 4 H), 
3.92 (s, 2 H), 4.62 (d, J = 9.6 Hz, 1 H), 6.34 (d, J = 16.0 Hz, 1 H), 6.49 (d, J = 16.0 Hz, 1 H), 6.73 (d, 
J = 8.3 Hz, 1 H), 6.92 (s, 1 H), 7.06 - 7.12 (m, 2 H), 7.24 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ 
ppm 20.08, 24.08, 24.22, 25.42, 25.90, 26.80, 28.06, 30.51, 30.74, 36.44, 36.56, 46.55, 51.37, 54.39, 
56.52, 59.90, 63.42, 72.29, 75.73, 76.99, 80.30, 82.54, 109.66, 125.05, 126.25, 129.15, 130.07, 130.15, 
130.64, 131.90, 134.76, 136.25, 137.53, 140.70, 149.83, 158.63, 178.79, 179.18,; HR-MS ESI/APCI 





Compound 90a (150 mg, 0.196 mmol) and N1,N1-dimethylethane-1,2-diamine (26.0 mg, 0.294 
mmol) was used as starting materials and synthesized in the same manner as compound 82b to give 
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the titled compound (77.1 mg, 61% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, c 1.15 
(d, J = 6.4 Hz, 6 H), 1.30 (s, 6 H), 1.33 (s, 6 H), 2.10 (s, 6 H), 2.20 (t, J = 6.4 Hz, 2 H), 2.34 (s, 3 H), 
2.58 - 2.63 (m, 4 H), 2.94 - 3.02 (m, 1 H), 3.34 - 3.39 (m, 2 H), 3.43 - 3.49 (m, 1 H), 3.48 - 3.54 (m, 1 
H), 3.59 - 3.66 (m, 1 H), 3.80 - 3.88 (m, 4 H), 3.92 (s, 2 H), 4.61 (d, J = 9.6 Hz, 1 H), 6.35 (d, J = 16.0 
Hz, 1 H), 6.50 (d, J = 16.0 Hz, 1 H), 6.73 (d, J = 7.8 Hz, 1 H), 6.93 (s, 1 H), 7.08 (s, 1 H), 7.11 (d, J = 
7.8 Hz, 1 H), 7.26 (s, 1 H); 13C NMR (126 MHz, v 20.07, 24.08, 24.24, 25.28, 25.87, 30.75, 36.39, 
45.74, 46.60, 54.29, 56.52, 60.01, 60.26, 63.45, 72.33, 75.83, 76.93, 80.28, 82.55, 109.62, 125.08, 
126.37, 129.18, 130.01, 130.08, 130.70, 131.84, 134.71, 136.28, 137.55, 140.70, 149.76, 158.63, 





Compound 90a (350 mg, 0.457 mmol) and N1,N1-dimethylpropane-1,3-diamine (56 mg, 0.548 
mmol) was used as starting materials and synthesized in the same manner as compound 82a to give 
the titled compound (100 mg, 32% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) 
δ ppm 1.14 (d, J = 6.4 Hz, 3 H), 1.15 (d, J = 6.4 Hz, 3 H), 1.30 (s, 6 H), 1.33 (s, 6 H), 1.46 - 1.56 (m, 
2 H), 2.12 (s, 6 H), 2.17 - 2.24 (m, 2 H), 2.33 (s, 3 H), 2.51 (t, J = 7.1 Hz, 2 H), 2.60 (s, 2 H), 2.93 - 
3.03 (m, 1 H), 3.37 - 3.42 (m, 2 H), 3.43 - 3.48 (m, 1 H), 3.48 - 3.55 (m, 1 H), 3.57 - 3.65 (m, 1 H), 
3.80 - 3.87 (m, 4 H), 3.92 (s, 2 H), 4.61 (d, J = 9.2 Hz, 1 H), 6.31 - 6.37 (m, 1 H), 6.49 (d, J = 16.5 Hz, 
1 H), 6.72 (d, J = 7.8 Hz, 1 H), 6.92 (s, 1 H), 7.07 - 7.12 (m, 2 H), 7.24 (s, 1 H); 13C NMR (126 MHz, 
CD3OD) δ ppm 20.06, 24.08, 24.24, 25.34, 25.92, 28.49, 30.75, 36.41, 45.57, 46.58, 48.64, 49.76, 
54.40, 56.52, 58.72, 60.06, 63.46, 72.34, 75.82, 76.95, 80.30, 82.57, 109.64, 125.03, 126.36, 129.21, 
130.07, 130.11, 130.54, 131.83, 134.92, 136.32, 137.55, 140.65, 149.77, 158.64, 178.67,; HR-MS 
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Compound 90a (500 mg, 0.653 mmol) and N1,N1-dimethylbutane-1,4-diamine dihydrochloride (184 
mg, 0.979 mmol) was used as starting materials and synthesized in the same manner as compound 82b 
to give the titled compound (66.6 mg, 38% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, 
CD3OD) δ ppm 1.11 - 1.17 (m, 6 H), 1.29 - 1.41 (m, 16 H), 2.16 - 2.23 (m, 8 H), 2.33 (s, 3 H), 2.51 (t, 
J = 7.3 Hz, 2 H), 2.62 (s, 2 H), 2.94 - 3.02 (m, 1 H), 3.33 - 3.38 (m, 2 H), 3.43 - 3.48 (m, 1 H), 3.48 - 
3.54 (m, 1 H), 3.61 (dd, J = 12.2, 5.7 Hz, 1 H), 3.79 - 3.87 (m, 4 H), 3.92 (s, 2 H), 4.61 (d, J = 9.6 Hz, 
1 H), 6.34 (d, J = 16.0 Hz, 1 H), 6.49 (d, J = 16.0 Hz, 1 H), 6.74 (d, J = 7.8 Hz, 1 H), 6.92 (s, 1 H), 
7.08 (s, 1 H), 7.10 (d, J = 7.8 Hz, 1 H), 7.24 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.09, 
24.07, 24.22, 25.40, 25.90, 26.08, 28.81, 30.74, 36.45, 45.53, 46.56, 51.36, 54.40, 56.52, 59.91, 60.64, 
63.47, 72.34, 75.79, 76.97, 80.28, 82.56, 109.65, 125.05, 126.33, 129.20, 130.07, 130.15, 130.58, 
131.76, 134.87, 136.32, 137.51, 140.59, 149.75, 158.63, 178.71,; HR-MS ESI/APCI Dual m/z: 





Sodium triacetoxyborohydride (554 mg, 2.61 mmol) and N1,N1-dimethylbutane-1,4-diamine 
dihydrochloride (184 mg, 0.979 mmol) were added to a N,N-dimethylformamide (6 mL) solution of 
compound 90a (500 mg, 0.653 mmol) in a nitrogen atmosphere, and the mixture was stirred for 16 
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hours at room temperature. An aqueous sodium hydrogen carbonate solution was added to the reaction 
liquid, and after extracting the mixture with chloroform, the organic layer was washed with 10% brine 
and then dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was 
distilled off under reduced pressure. The resulting residue was purified by performing silica gel 
column chromatography (chloroform: methanol = 10: 0 to 9: 1) to obtain the intermediate (262 mg). 
To a solution of the intermediate (156 mg), 37% formaldehyde solution (73 mg, 0.90 mmol) and 
sodium triacetoxyborohydride (153 mg, 0.720 mmol) were added, and stirred for 6 hours at room 
temperature. An aqueous sodium hydrogen carbonate solution was added to the reaction liquid, and 
after extracting the mixture with chloroform, the organic layer was washed with 10% brine and then 
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled 
off under reduced pressure. The resulting residue was purified by performing silica gel column 
chromatography (chloroform: methanol = 10: 0 to 9: 1) to obtain the intermediate (141 mg). The crude 
intermediate (141 mg) in methanol: triethylamine: water (5: 1: 1) solution (2.5 mL) was stirred at the 
room temperature for 16 hours, the solvent was distilled off under reduced pressure. The resulting 
residue was purified by performing neutral silica gel column chromatography (ethyl acetate: ethanol: 
water = 30: 2: 1) to give the titled compound (76mg, 27% in 3 steps) as a colorless amorphous. 1H 
NMR (600 MHz, CD3OD) δ ppm 1.14 (d, J = 6.4 Hz, 6 H), 1.25 - 1.37 (m, 16 H), 2.14 - 2.21 (m, 11 
H), 2.30 - 2.36 (m, 5 H), 2.41 (s, 2 H), 2.93 - 3.00 (m, 1 H), 3.34 - 3.38 (m, 2 H), 3.46 (t, J=8.7 Hz, 1 
H), 3.49 - 3.55 (m, 1 H), 3.62 (dd, J = 11.9, 6.0 Hz, 1 H), 3.81 - 3.86 (m, 4 H), 3.93 (s, 2 H), 4.61 (d, 
J = 9.6 Hz, 1 H), 6.34 (d, J = 16.5 Hz, 1 H), 6.51 (d, J = 16.5 Hz, 1 H), 6.74 (d, J = 7.8 Hz, 1 H), 6.92 
(s, 1 H), 7.08 - 7.13 (m, 2 H), 7.25 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.12, 24.09, 24.25, 
25.91, 26.13, 26.37, 26.79, 30.75, 36.47, 45.19, 45.57, 46.68, 54.50, 56.52, 60.73, 61.17, 63.47, 68.43, 
72.34, 75.79, 77.00, 80.29, 82.57, 109.66, 125.05, 126.35, 129.23, 130.06, 130.12, 130.79, 131.86, 
134.70, 136.20, 137.52, 140.74, 149.75, 158.65, 178.40,; HR-MS ESI/APCI Dual m/z: 712.4916 
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Compound 90a (300 mg, 0.392 mmol) and 1-piperazine ethanol (76 mg, 0.588 mmol) was used as 
starting materials and synthesized in the same manner as compound 82b to give the titled compound 
(68.6 mg, 25% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 1.16 (d, J 
= 6.9 Hz, 6 H), 1.30 (s, 6 H), 1.33 (s, 6 H), 2.05 - 2.22 (m, 6 H), 2.33 (s, 2 H), 2.35 - 2.38 (m, 3 H), 
2.47 (br. s., 4 H), 2.97 - 3.05 (m, 1 H), 3.34 - 3.39 (m, 2 H), 3.43 - 3.54 (m, 4 H), 3.63 (dd, J = 12.2, 
5.3 Hz, 1 H), 3.80 - 3.87 (m, 4 H), 3.93 (s, 2 H), 4.62 (d, J = 9.2 Hz, 1 H), 6.38 (d, J = 16.0 Hz, 1 H), 
6.53 (d, J = 16.0 Hz, 1 H), 6.75 (d, J = 7.8 Hz, 1 H), 6.93 (s, 1 H), 7.11 (s, 1 H), 7.15 (d, J = 7.8 Hz, 1 
H), 7.28 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.12, 24.08, 24.32, 26.02, 30.77, 36.28, 46.72, 
54.58, 54.71, 55.93, 56.50, 59.75, 61.21, 63.34, 68.64, 72.23, 75.75, 76.95, 80.30, 82.62, 109.60, 
125.15, 126.32, 129.49, 130.01, 130.24, 130.87, 131.83, 134.41, 136.07, 137.72, 141.03, 149.79, 





Compound 90a (150 mg, 0.196 mmol) and piperidine-4-carboxamide (38.0 mg, 0.294 mmol) was 
used as starting materials and synthesized in the same manner as compound 82b to give the titled 
compound (32 mg, 23% for 2 steps) as a colorless amorphous. 1H NMR (300 MHz, CD3OD) δ ppm 
1.09 - 1.21 (m, 6 H), 1.29 (s, 6 H), 1.34 (s, 6 H), 1.43 - 1.59 (m, 4 H), 1.98 - 2.13 (m, 1 H), 2.15 - 2.28 
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(m, 2 H), 2.33 (s, 3 H), 2.41 (s, 2 H), 2.73 - 2.86 (m, 2 H), 2.89 - 3.02 (m, 1 H), 3.33 - 3.67 (m, 5 H), 
3.78 - 3.86 (m, 4 H), 3.91 (s, 2 H), 4.62 (d, J = 9.5 Hz, 1 H), 6.35 (d, J = 16.2 Hz, 1 H), 6.50 (d, J = 
16.2 Hz, 1 H), 6.67 - 6.76 (m, 1 H), 6.92 (s, 1 H), 7.08 - 7.16 (m, 2 H), 7.25 (s, 1 H); 13C NMR (126 
MHz, CD3OD) δ ppm 20.01, 24.09, 24.21, 25.81, 25.84, 25.87, 30.28, 30.73, 36.40, 43.09, 46.63, 
55.04, 56.52, 56.70, 56.72, 63.39, 68.25, 72.30, 75.65, 76.96, 80.29, 82.57, 109.66, 125.03, 126.21, 
129.22, 130.13, 130.16, 130.77, 131.87, 134.52, 136.01, 137.65, 140.79, 149.84, 158.63, 178.66, 





Sodium triacetoxyborohydride (166 mg, 0.784 mmol) and N,N-dimethylpiperidin-4-amine (37.7 mg, 
0.294 mmol) were added to a chloroform (2 mL) solution of compound 90a (150 mg, 0.196 mmol) in 
a nitrogen atmosphere, and the mixture was stirred for 16 hours at room temperature. An aqueous 
sodium hydrogen carbonate solution was added to the reaction liquid, and after extracting the mixture 
with chloroform, the organic layer was washed with 10% brine and then dried over anhydrous 
magnesium sulfate. The desiccant was filtered out, and the solvent was distilled off under reduced 
pressure. The resulting residue was purified by performing silica gel column chromatography 
(chloroform: methanol = 10: 0 to 9: 1) to obtain the intermediate (97.6 mg). The crude intermediate 
(97 mg) in methanol: triethylamine: water (5: 1: 1) solution (2.5 mL) was stirred at the room 
temperature for 16 hours, and after stirring the reaction mixture for 16 hours at room temperature, the 
solvent was distilled off under reduced pressure. The resulting residue was purified by performing 
neutral silica gel column chromatography (ethyl acetate: ethanol: water = 30: 2: 1) to give the titled 
compound (56 mg, 41% for 2 steps) as a colorless amorphous. 1H NMR (600 MHz, CD3OD) δ ppm 
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1.13 (d, J = 6.4 Hz, 3 H), 1.14 (d, J = 6.4 Hz, 3 H), 1.19 - 1.27 (m, 2 H), 1.29 (s, 6 H), 1.33 (s, 6 H), 
1.47 - 1.54 (m, 2 H), 1.98 - 2.05 (m, 1 H), 2.14 (s, 6 H), 2.34 (m, 5H), 2.76 - 2.82 (m, 2 H), 2.96 (t, J 
= 6.7 Hz, 1 H), 3.35 - 3.38 (m, 2 H), 3.44 - 3.48 (m, 1 H), 3.48 - 3.54 (m, 1 H), 3.62 (dd, J = 11.9, 6.0 
Hz, 1 H), 3.80 - 3.87 (m, 4 H), 3.91 (s, 2 H), 4.62 (d, J = 9.6 Hz, 1 H), 6.37 (d, J = 16.5 Hz, 1 H), 6.53 
(d, J = 16.5 Hz, 1 H), 6.72 (d, J = 7.8 Hz, 1 H), 6.93 (s, 1 H), 7.09 (s, 1 H), 7.14 (d, J = 7.8 Hz, 1 H), 
7.26 (s, 1 H); 13C NMR (126 MHz, CD3OD) δ ppm 20.08, 24.10, 24.24, 25.79, 25.85, 29.55, 29.65, 
30.77, 36.41, 41.68, 46.68, 55.06, 56.52, 56.65, 63.25, 63.47, 68.00, 72.35, 75.83, 76.93, 80.29, 82.57, 
109.64, 124.90, 126.39, 130.02, 131.88, 134.64, 136.13, 137.61, 140.82, 149.76, 158.65, 178.40; IR 
(KBr) ν~ = 3388, 2963, 2928, 1669, 1505, 1451, 1379, 1364, 1278, 1207, 1090, 1055, 1040 cm-1; HR-



















Glucose uptake inhibition assay 
Chinese hamster ovary-K1 cells stably expressing human SGLT2 (NM_003041) or human SGLT1 
(NM_000343) were used for the sodium-dependent glucose transport inhibition test. Cells were 
incubated in 200 μL of pretreatment buffer solution (140 mM choline chloride, 2 mM KCl, 1 mM 
CaCl2, 1 mM MgCl2, 10 mM HEPES/5 mM Tris, pH7.4) for 20 min. The pretreatment buffer was 
removed, and 75 μL of uptake buffer containing the test compound (methyl-α-D-glucopyranoside 
containing [14C] methyl-α-D-glucopyranoside [0.1 mM for SGLT1 inhibition, 1 mM for SGLT2 
inhibition], 140 mM NaCl, 2 mM KCl, 1 mM CaCl2, 1 mM MgCl2, 10 mM HEPES/5mM Tris, pH7.4) 
were added. The uptake reaction was performed at 37˚C for 30 min (SGLT1) or 1 h (SGLT2). After 
the reaction, the cells were washed twice with 200 μL of washing buffer (10 mM methyl-α -D-
glucopyranoside, 140 mM choline chloride, 2 mM KCl, 1 mM CaCl2, 1 mM MgCl2, 10 mM HEPES/5 
mM Tris, pH7.4) and dissolved in 75 μL of 0.25 M NaOH. Opti phase Super Mix (Perkin-Elmer 
Corporation) was added and mixed well with the sample; the radioactivity was then measured using a 
Micro Beta Trilux counter (Perkin-Elmer Corporation). An uptake buffer that did not contain the test 
compound was used as a control. Another uptake buffer containing choline chloride instead of NaCl 
was also prepared as a background control. To determine the IC50 values, each test compound was 
tested at six suitable concentrations. The concentration at which glucose uptake was inhibited by 50% 
(IC50 value) compared with the glucose uptake in the control (100%) was then calculated. 
 
Pharmacokinetic evaluation 
 The permeability measurement and the data analysis of the test compound were performed using 
PAMPA EvolutionTM (pION Inc.). A 96-well PAMPA sandwich plate (pION Inc.) was used for the 
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permeability measurement. The “sandwich” filters were coated with 4 μL of GIT-0 Lipid (pION Inc.). 
The donor plate was filled with 200 μL of the test compound dissolved in the PRISMA HT Universal 
Buffer (pION Inc.).  
The plasma and kidney concentration-time profiles of the test compounds were investigated in fasted 
male SD rats. After a single intravenous administration of the test compounds, blood was obtained 
from the tail vein at each sampling time point and then centrifuged to prepare the plasma samples. 
After a single intravenous administration of the test compounds, the animal were euthanized at each 
sampling time point and the kidneys were harvested and homogenized in purified water. The 
cumulative excretion of unaltered drug in the urine and bile was investigated in bile duct-cannulated 
SD rats. After a single intravenous administration of the test compounds, urine and bile samples were 
collected for a 24-hour time period. The quantitative analysis of the target analyte in each sample was 
performed using liquid chromatography-tandem mass spectrometry. The pharmacokinetic parameters 
were calculated using a non-compartmental analysis with Phoenix WinNonlin (version 6.2, Certara). 
 
Plasma glucose level after glucose administration in normal rats 
 After overnight fasting, SD rats were orally administered the vehicle (0.5 w/v% Carboxymethyl 
Cellulose) or the compound 30b solution and a glucose (2 g/kg) solution. Blood was collected from 
the orbital venous sinus of the rats under ether anesthesia. The plasma glucose concentration was 
measured using a Glucose CII test Wako kit (Wako Pure Chemical Industries Ltd., Osaka Japan). The 
difference from the baseline plasma glucose levels over the study period was calculated to determine 
the delta area under the curve (ΔGlucose AUC). 
 
Plasma glucose level after sucrose administration in normal rats 
 After overnight fasting, SD rats were orally administered the vehicle (water for injection) or a 62d 
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solution and a sucrose (2.5 g/kg) solution. Blood was collected from the tail vein. The plasma glucose 
concentration was measured using the Glucose CII test Wako kit (Wako Pure Chemical Industries Ltd., 
Osaka Japan). The difference from the baseline plasma glucose level throughout the study period was 
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